Partage de mémoire à très grande échelle sur des réseaux pair-à-pair by Antoniu, Gabriel et al.
HAL Id: inria-00072178
https://hal.inria.fr/inria-00072178
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Partage de mémoire à très grande échelle sur des
réseaux pair-à-pair
Gabriel Antoniu, Luc Bougé, Thierry Priol
To cite this version:
Gabriel Antoniu, Luc Bougé, Thierry Priol. Partage de mémoire à très grande échelle sur des réseaux
pair-à-pair. [Rapport de recherche] RR-4410, INRIA. 2002. ￿inria-00072178￿
IS
S
N
 0
24
9-
63
99
   
   
 IS
R
N
 IN
R
IA
/R
R
--
44
10
--
F
R ap por t  
de  r ech er ch e 
THÈME 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Partage de mémoire à très grande échelle
sur des réseaux pair-à-pair
Gabriel Antoniu — Luc Bougé — Thierry Priol
N° 4410
Mars 2002
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 Rennes Cedex (France)
Téléphone : +33 2 99 84 71 00 — Télécopie : +33 2 99 84 71 71
 
			 	!" 	#$#%	
&'( 	)	
&+*-,
/.01.2,3
465879;:=<?>A@BDCFE8B:=GIHKJGLNMOE8GPRQSHUTWV:X<?9Y9$Z[9Y:XER>
\I]0^$_a`ab1cedf;gh`;ikjml'`%noghpmgqnr^$_a`;g
suthvkwq`%nsDxody{z
di}|2|8vkthn~m`tr`;]2`;tr]2`Rk0bYOc6iktrgkkcb;O|0i}`;g
 ;+A`%ni}thnh%`6`$l|0vth`j22`~2tr`;%nhvk2vj2k`;`N~2ik0g ` ~mvk_Wi}2` ~m`Ni`;g{nhvk¡~m`
~2vk22f;`;g¢nrth^Ygkti}0~m`Nf;]2`;`k£I`|0ikt{ni}`~m` _af$_avkth` ¢¤=¥ i}~m` ~2`Nnr`;]22¦?j2`;g|0ikth§¨¢©§ª|0i}t
« s`$`$th§=nhv}§ªs`$`;t¬%­?®`;g~mf;k`$vk|0|¯`;_O`;?nrgIik%nhj2`;gI~2ik0gI%`~mvk_Wik2`°gh`°ghvk?n²±³vm$i}g{fYg²ghj2tI`1|¯i}thnri}`
~2`´¯]2`$tg;­µvj0gK_avnrthv0gK=¥ ?nhf;th¶$nA~m`·|0i}thnrikk`$tu`YgK`;gh|0i%`;gu_af$_avkth`·~m`;gA2v`$j0~0g$¸`%nA0vk+|2j0g
gh`$j0`;_O`;?n
`;j2tg°´¯]2`$tg$­A`%n{nr`+~mf$`'$vk0~2j2¹nO¢th`;|¯`;0gh`$t%v_a|2^$nh`;_O`;?n
i6|2thvº2f$_Wi©nr¦?j2`+~m`
i_af$_avtr`Wthnhj2`;`$_a`;n»|0i}thnrikkf$`+~0i}0g` $vk?nh`$lnh`+~mj¤;i}%j2ukvkº0ikug{j0t
=¥ y¨?nh`;th0`%n
vj~m`;g
th`Yg1~2`+$i}%j0X¸D|8`$tr_a`%n{ni}?n
~m`Wtr`$0~2th`Oi3`;g{nhvk ~m`;g~2vk22f;`;gikj0ghghnhti}¯g{|0ikth`;?nh`a¦j0`a$`$`
~2`;g$ik$j2g$­/µovkj0g°|2trvk|8vghvk¯g·=¥ `$trvk20`$_a`$?n¼k½1\x)$vk_a_a`a|2i}nh`$§X±³vth_a`W~m`W~mf$`$vk|2|8`$_a`;n
~2`°$`%nhnh`i}|0|2thvm]2`­
¾À¿0ÁY%ÂÃkÄÅSÆ|¯`;`$th§Xnrv}§ª|¯`;`$tY¸_af$_avtr`+thnhj0`$`;_O`;?n
|0i}thnrikkf;`k¸_a~2~m`$ÇIi}tr`k¸¼k½1\x
¸th`'~m`
;i}%j2
  	A.0!A#$	 	a"%  
  		I.m1.0 		I	²
	ÀW
 ;Á2ÃkÁk \I]0ga|0ik|¯`;ta`%lm|2vktr`;gOiN2`;Ç tr`;gh`;iktr]~mtr`;nrv¤¤nr]2`´0`$~ v}±·i}trk`$§ªgr$ik`+~0i©nri
_Wik0i}`$_a`$?n;£In°i~2~mtr`;grg{`Yg_a`$_avktrpg{]¯i}tr2'j0g{2 |¯`;`$th§Xnrv}§ª|¯`;`$tnr`;]20¦?j2`Yg$­1\I]2`O$j2trth`;n1~m`%§
`$vk|2_a`;ngnr]2g´0`$~]0iF`u`Yghgh`$?nhi}p°±³v$j0gh`;~v´0`Ig{]0ikth2¯­`gh]2v©ÇSÇ]p¹nUg?nh`;th`Ygqnr0
nrv gh]0i}tr`nr]2`»_a`;_Ovthpi~2~mtr`;grgogh|0ik$`
v}±Unr]2`O2vm~m`;g;¸R2v}n1vk2pnh]2`;t1´0`;g;­16vg{n·tr`;gh`;i}t]ghghj2`;g
?nh`;0ghghk`$p'g{nhj0~2`Y~~2j2th2Onh]0`igqnb
p`;iktrg²Çnh]23nh]2`$vk?nh`$lnIvk±~2g{nhtrº0jmnh`Y~gh]0ikth`Y~'_a`$_O§
vthpWghpmgqnr`$_WgA±³vktg{_Wik§Ki}0~'_O`Y~mj2_O§ªgh;`;~%j0g{nh`$tgAv}±Ç²vktmgqni©nrv0gK2`;`;~'nhvOº¯`°tr`$g{nh`Y~+Ç]2`;
$vk0gh~m`$tr0+i+i}trk`%§¨gr$i}`~mgqnrthº2jmnr`;~`$l`Y%jmnrv6vk3nr]2`
y¨?nr`$tr2`%nY¸8nr]2`»$vk?nh`$l?n1v}±Uktr~6%v_»§
|0jmnh20­U\I]2`°~m`;i»gunrva|2thv©~m`·i»_a`;]0ik2g{_ ±³vtunrtrik0g{|¯i}tr`$?n²~2i}nri»_Wi}0ikk`$_a`;nY­ `°|2trvk|8vgh`
nrvaj0g{`°nr]2`¼½·\x `;?trvk2_a`$?nikgik _a|2`$_a`$?nri}nhvk3|2i©nh±³vktr_)±³vktvj2ti}|2|0thv?ik]/­
 RÂ!
¿"#k3|8`$`;t{§=nhvk§=|8`$`;t;¸?~mg{nhtrº2jmnh`Y~+gh]0i}tr`;~O_a`$_avktrpk¸_a~2~2`;Ç²ikth`¸?¼½·\x¸ktr~W$vk_a|2jmnr2
 	

	
  
! " »W& !u%
®`±³vkthnu~mf$`$vk|2|8`$_a`;nu~2`X¥ y¨?nh`$tr2`$nA~mj2ti}?nU`YgUnrvkjmnr`;gK~m`;th0^;th`YgUi}22f;`;gKi°_a`;2f¢°X¥ i}|0|0i}tr¹§
nrv»~m`A2vk_»º2tr`$j0gh`;g0¹nri}nhk`;giFpik?n|¯vj2tvkºmwq`Ynr¹±0=¥ `%lm|2vknri©nrv
~m`Ygtr`;grg{vj2t%`;g~m`A;i}%j2`$n~m`
g{nhvm ©i}`A~mgh|¯v2º0`Ygghj2t%`²kiknr`;gr¦?j2`utrf;gh`;ikj/­$#·j2`;`;g¦?j2`Ig{v`;?n`$j2tg±³vktr_O`Yg$¸©$`;g2nhi©nr`;g
v?n²ghvkj2`$?nA`; %v_a_
j2 X¥ ~2f$`°¦j0`·`;gAnhti}nh`;_a`$?nrgI~m`°$ik$j2¯?nh`;0g{±trf;ikghf;gKRp+iOk
ik0gAghj2t
~2`;g1g{j2|8`$t$ik$j2i©nh`;j2tg·gh|¯fY%i}ghf;g;¸8`%n°|2j¯g·trf;$`$_a_a`$?n1ghj2t°~m`;g1trik|2|¯`Yg·¢']0i}j2nh`O|¯`;t{±³vth_Wi}¯%`k¸
gh`±³`;thv?n1~m`»|2j¯g·`;6|2j0g1~m`»_Wik2^;th`nhti}0gh|0i}tr`$?nr`
g{j0t1~m`Ygotr`;grghvkj2t%`Yg~mgqnrthº2j2f;`;g1¢+j22`
nhtr^;g
trik0~m`°f;]0`$`¸2nqp|2¦j0`$_a`$?no¢W=¥ fY]2`$`_Ov0~mi}`k­&%·|8`$j2no~2`$?nh´0`$t·|2j0g{`$j0trgik|2|2trvm]2`;g~m`
$`1nqp?|8`k­
' 2ÄXÃkÄ)(8ÄÅ¿  2Ä+*,-./,0/1&2345k­A`$n{nh` i}|0|2thvm]2`%vk¯g{gqnr`N¢trf;$j2|8f$tr`$t'`;g tr`;grg{vj2tr$`;gWm§
jmnhghf$`YgO~2`  6j¯~2gh~2` $ik$j2 « s²I¬»~mgqnrthº2j2fYgag{j2tO` trf;gh`;ikjS|¯vj2taj22` n87k]0` ~mf$´02`k¸`
|2j0gghvkj2`$?n~m`_Wi}2^$tr`%vk_a|2^%nr`$_a`$?nnrtrik0g{|¯i}tr`$?nh`1|¯vj2t=¥ jmnrghi}nh`$j0t]0i}º2nhj0`$~m`$`;g
 6j0~2g;­9·^;g·¦j0``6j0~2~mf$nh`;%nh`¦?j2`ghvk3jmnrgri©nr`$j2to`;g{n0inr¹±q¸¯|0i}t`$lm`$_a|2`iaj2n;¸¯
g{k¯i}`O¢'j2 gh`$trk`;j2t°%`$?nrtrik¦?j/¥ `$`O`;g{n~mg{|8vk2º2`»|8vkj0t1`	:8`Ynrj2`$t~m`Yg1;i}%j2g°g{vj0g°g{v
%vnrt;`­
' 2ÄXÃkÄAY<("=XÄÅÄ >*?<@AB23C5D}­A`%n{nr`i}|2|2trvm]2`I%vk¯g{gqnr`¢1$vk0~2j2tr`I~m`²nhtr^;gktrvg;i}%j2g$¸
nqp|2¦?j2`;_a`$?nK~m`;gUgh_»j2i©nhvk¯gj2_af;th¦?j2`;g~m`I|2j0gh`;j2trg]2`;j2tr`;g;¸©`$Ojmnhgri}?nU`Ygtr`;grghvkj2t%`Yg
vj2t~m`;g·~m`
|2j0gh`;j2tg·$`$?nhtr`;g·~m`»;i}%j2~mgqnrthº2j2fYgoghj2t·=¥ `$0gh`$_»º2`O~m`
iW|2i}0^%nh`­8®`
|2trv}§
º2^$_a`W~m`;g·|2trv$f;~mj0th`Yg·i~m_a2g{nhti©nhk`Ygo_a|¯v?g{f;`;g·|0i}t1`;g°%`;nrth`Yg·~2`O;i}%j2 « 0gr%tr|2nhvk/¸
thfYg{`;th©i}nhvk~m`Yg tr`;grghvkj2t%`Yg$¸U±Åinrj2tri}nhvk/¸²`%n}­ ¬+`$n~m` %vm´¯~m`;?nhi}¹nrf~m`Yg~2vk22f;`;gg{v?n
g{vj2k`;?no|2trf$|8vk0~mf;trik?nrg~2ik0go$`
%v?nh`%lnr`k­RAv?nhti}th`;_O`;?noi}j_avm~m^$`E0	,F?
G5HJIHK	
GL
G23+~2j
$ik$j2vº0i}=¸0Ug$¥ i}¹n·|2j2n;}n°%~D¥ j02`O$vvk|8f$ti©nhvk3`;nrth`Og{`;th`$j2tggh`$vk6j0gr]2f$_WiW`;
kf;2f$ti}gqni©nr¦?j2`¸D|0i}t1`%lm`$_a|2`aj2 |2|8`$2`k£D`;g°~mv22f$`Yg°g{vnik;¦?j2gh`;g1`;Nj2 `$j ~m`Oi
|2i}2^$nh`k¸¯nhti}nhf;`;g`;6j2Nikjmnhtr``;j/¸¯`$no´0¯i}`$_a`$?nog{j0ikghf$`;go~2i}0goj2nrthvgh^;_a``$j/­R®/`
|2tr0$|¯i}8`$trvk20`$_a`$?n²~2`ok`Ygqnrv'~m`°%`onqp?|8`°~m`oth`o`Ygqn*,-M.	2DK «ONNDNPQRSMTDUBVWPXSYDQ ¬­
A`$thnrik0gWghpmgqnr^$_a`;gW~2`6$i}%j0~mg{nhtrº2j2fnr`$tik%nh±1%v_a_O`6zm$i}º[ZZ]\ ^o|8`$tr_a`%nhnh`$?n'~m`
_a`%n{nrth``;_6j2th`Y~m`;gIgr]2f$_Wikg²tr`$i©nr`$_a`$?n~mp0i}_a¦?j2`;g~m`°_Wi}0^;th`1nhti}¯g{|0ikth`;?nh`k­
' 2ÄXÃkÄa`  = ;Â/bÂ`  =  «  c
/
	dC c
/
G¸AsA©s²¬­)eoi}jmnrth`3|0iktri~mk_a`~m`6$ik$j2kvkº0iki thfY%`;_»§
_a`$?n±³vm$ikg{fa=¥ ?nhf;th¶$n
~m`Wi$vk_a_
j00i}jmnrf+gh$`;?nh´¯¦?j2`k£/`+$ik$j2W f\ g^ª­A`$n{nh`
i}|2|0thvm]2`·kf$0f$ti}gh`o`;g²~mf$`Yg²~2j;i}%j2Rkvkº¯i}=­?®`1_avm~m^;`°%v_O|0f;_O`;?nh`1`°_avm~m^$`1$igq§
g{¦?j2`0	,F?
	5-IK	
	L$
	23¸?ikj©wqvkj0tr~D¥ ]j2¯¢i
º0ikgh`o~m`i|0j2|¯i}thnA~m`;gunhti}nh`;_a`$?nrgAg{j2tAX¥ y¨?nh`;th2`$n;¸
`$hKiG4jK	5Iiath`;i}nhvk3~m`;g 6j0~2gr¦?j2/nr`$ti}grg{`;?n;­2®iOtr`$i©nrv3$`$?nh§ªgh`$trk`;j2tI/¥ `Ygqn
|2j0gWikgrg{vm$f;` i}j2l 6j0~2g;¸_Wikgai}j2lSnhti}0grik%nhvk0g;£]¯ik¦?j2`'6j0~m|8`$jmnW¶%nrth`3%`$?na~0i}0g
j22`nrtrik0griknrv `$n·gh`$trk`$j0t~2i}0gj22`
ikjmnhtr`k­2svj2t=¥ 0g{nri}?nY¸0%`$n{nh`nh`;]02¦?j2`»ia`;grg{`;nr`;¹§
`;_a`$?nf%nrfOj2nhg{f;`W|¯vj2t`O|¯i}thnri}`O~2`»´8]2`;trg°`;?nhtr`»_av0g~D¥ jmnrgri©nr`$j2tg;¸/%vk02`;%nhf;g
~m`_Wi}2^$tr`°?nr`$tr_On{nr`$?nh``$n_a|2trf$g{º2`k­
A`$nikt{nr$`A/¥ io|0ikg|8vkj2tº2jmnU~m`²|2thfYg{`;?nh`$t~m`;gnrtriF©i}j2l°~mf{w{¢trf;ikg{fYg$¸Y_Wi}g|0jmn8;}nU~m`A~2gr%jmnr`$t
`;~2f%nrik/~/¥ j20`2vkj2`$`°~mth`Ynrv~m`°tr`;]2`;tr]0`k£?X¥ jmnhgri©nrv~m`Yg²nh`Y]22¦j0`;g)O|8vkj2t
|¯i}thnri}`$tX¥ `;gh|0i%`I_af$_avkth`~m`YgU 6j0~0gh~D¥ j2OthfYg{`Yi}ja~m`Inhtr^;gtrik0~m`Anrik`¸©±³vkthnh`;_a`$?nU]2f%nrf$trvkk^;2`k¸
~2` nrvk|8vkvk`%v_a|2^$nh`;_O`;?nW~2p?¯i}_a¦?j2`¸ugri}0ga|8vk?nW$`$?nhti}=¸UvMk `;gW 6j¯~2ghghvk?na|2trf;gh`$?nrgW~m`
_Wik2^;th`W?nh`;th_an{nh`;?nh` « g{`Ynhvk }¬%­®K¥ vkº2wq`;nr¹±`Ygqn»¦?j2`+]¯ik¦?j2`W 6j0~2|2j2ghgh`+i}0ghuik;%f;~2`$t
~m`
lmlonp qq$rs
   55H2 2M   ?,
_Wik2^;th`oj22±³vktr_O`·`%nAnhti}0gh|0i}tr`$?nr`¢=¥ `;0g{`;_
º2`o~m`·X¥ `;gh|0i%`·~/¥ i~mth`Yghgri}`i}0g{R%v0g{nhnhj2f­mA`$n{nh`
g{vkStr`$0vkj2`$`'~2vk0+nhv}ni}`$_a`$?nO`%vk¯%`$|2nO%ikgrgh¦?j2`'~2`+G
 Lg42
G,,-
	
G5H  d /

« os²¬I%vk	%j|¯vj2t~m`;gItrik|2|¯`YgA~2`1|8`%nr¹nr`°nrik`¸2gqni©nr¦?j2`Yg$¸m]2v_avkk^;2`;gA`%ng{nrikº2`Yg « gh`;nrv?¬­
µovkj0gA|2trvk|8vghvk0gA`$¯g{j2nh`1j2$ik~2th`1~m`1~2f$k`;v|2|8`$_a`$?nI|¯vj2tIj2+nr`$Dg{pmg{nh^;_O`£
  « gh`;%nhvk'¬­
y¨mg;¥ ikkn~/¥ j20`²|0i}nh`%§=±³vktr_a`m
G5 230/
I¦?j2|2trvk|8vgh`uj20`²m±³tikg{nhtrj0nrj2tr`uvkk%`$`G5BG	2
~m`
nqp|8`I?nh`;th_afY~miktr` « ?MD,
a
F¬K|8vkj2tU`;gtrf;gh`;ikjml|0ikth§ª¢}§=|¯i}t;­Fµvj0g_avk?nhtrvk0g$vk_a_a`$?nu%`$n{nh`
|0i}nh`%§=±³vktr_a`°|¯`;jmn·¶$nhtr`jmnhghf$`|8vkj2toia_ag{``;_6j2th`Y~D¥ j03ghpmgqnr^$_a`~m`|¯i}thnri}`~m`_af$_avktr`°¢
nrth^YgIkti}0~2`·fY]2`$`­
  & a&#%		&+*! #"%$"!! '&
®i |2j0|0i}thn'~m`;g g{`;th%`YgW~mgh|8vk2º2`;g+ghj2t+=¥ y¨?nr`$tr2`%n+jmnrg{`;ni}j©wqvj2tr~/¥ ]j2`_avm~m^$`nhti©§
~2¹nrv22`$0	,F?
	5-IK	
GL
	23­W91i}¯gO$`'_avm~m^$`k¸`;gO%`;?nrgag{`%v22`;%nh`;nW¢6j0 gh`$trk`$j0t»%`;?nhti}A¢
nrtriF`$tgj2 |2trv}nrv$vk` ~mv22f « |0ikta`%lm`$_a|2`(·\\Is¸#)\Is¸K\`$2`$n;¸U`%n}­ ¬Oi©´0 ~D¥ i$$f;~m`;ta¢j22`
tr`;grghvkj2t%`­¯A`
_avm~m^$`2`»|0ikgrg{`
|0ikg·¢WX¥ f;]0`$`£0iW|2j2ghgri}¯%`
~mjg{`;th`$j2t`$n·iWº0ik0~m`|0ighgri}?nr`
~2gh|¯v2º2`»g{vno$thnh¦?j2`;g;­9·`|2j0g;¸¯%`
_Ovm~m^;`
`%lm``$3kf;2f$ti}¦j0``
gh`$trk`;j2ttr`;g{nh`%v22`Ynhf
`;+|8`$tr_aik2`$¯%`·ghj2t²`1trf;gh`;i}j¸k`%n¦?j/¥ Dghvkn²~mvknhf·~/¥ j20`·~m`$?nr¹nrfo´2lm` « j2_af$trv
y¨s¸|0iktA`$l`;_a|2`F¬­
eo 6j0~m|2trf;gh`$?n²~2`1_Wik2^;th`1nr`$tr_a¹nhnh`$?nr`1`$nI~2v}nhf~D¥ j22`i~mth`Yghgh`oy¨s ~mp0ik_O¦?j2`$_a`;ni}vkj2f;`
« 9*(°AsA¬U0`o%v?`$?nK|0ig$­3%·t;¸k$`;gU6j0~2ghth`;|2thfYg{`;?nh`$?nUj22`o|2j2ghgri}0$`~m`o;i}%j2¯`%nuj20`o$ik|0ik$¹nrf
~2`°g{nhvm ©i}`°|0i}thnh%j2^$tr`$_a`$?nI_a|8vkthnri}?nr`;g;¸mikth`$_a`$?ng{vj0gq§ªjmnrghf$`Yg$­
·¥ `;g{n»=¥ `$lm|2v¹ni©nrv~m`'%`Ygtr`;grg{vj2t%`;g¦?j2Ii_av}nrf+=¥ ik|2|0i}trnhvk~m`Ygtrf;gh`;i}j2l 
«  
/
	d 
/
	}¬­KA`%n{nr` ik|2|2trv]0`W|¯`;th_a`%nO¢6~m`;g
 6j0~2gr~m`W±³vj2tr2tO~m`;g»g{`;th%`Yg`%na~D¥ j2nhg{`;t
`;g
gh`$tr$`;g±³vj2tr2gu|0i}tu`Ygui}j2nhtr`;gK6j0~2g;¸~2ik0gKj20`otr`$i©nhvkW~m`·|0i}trnhfk­A`;gK6j0~2grg{vnA`$Wkf;2f$ti}
$vk20`;nrf;g°~m`a_Wi}2^$tr`O?nh`;th_an{nr`$?nh`¸/`%ng°tr`+$vkk`$?n1`;j2trg°~m`;nr¹nrf;g~m`a_Wi}0^;th`a~mp0i}_a¦?j2`k­
®`;gOnrtrik¹nr`$_a`$?nrga0`6g{vnW|2j0gW$`$?nhti}ghf;gaghj2t+j2 gh`$trk`$j0t;¸_Wi}gathf;|0i}thnhgWghj2tWX¥ `$¯g{`;_
º2`~m`;g
|¯i}trg;­¯®i+trf$|2;i©nrv6~m`;g1g{`;th%`Ygg{j0t·`;g· 6j0~2gh|8`$tr_O`$n1~D¥ ikgrghj2th`;t`$j2t°~mg{|8vk2º2nhfa%v?nh?j0`
_Wikthf1X¥ 0gqni}º2¹nrf~m`;g$vk22`$lmv0gI`%no~m`Yg~mf;ghk0i}nhvk0g;­
®`W|2th`;_a`;t`%lm`$_a|2`+~m`Wvkk%`$K¦?j2uj¯gqnrth`+$`%n{nr`+i}|2|0thvm]2`Wi3f%nrfW`Wtrf;gh`;ikj-, 8&K/
	¸/_ag
`;N|2ik$`»|8vkj0t1`O|0i}thnrikk`»~2`
´¯]0`;trg°su0£D]0ik¦?j2`O 6j0~m_a`$n°i~mg{|8vgh¹nrvghj2t°`Otrf;gh`;i}j~m`;g
~2v$j2_a`$?nrgA`%n²`$+_a¶;_O`onh`;_O|¯gAi»ik$$^;gA¢~m`;gA_av0gA~2`·~mvm%j0_O`;?nrg²~mgh|8vk2º2`;g²g{j2tA`YgAikjmnhtr`;g
6j0~2gr~mj thfYg{`Yi}j/­Ae `$l`;_a|2`trf;$`$?nW`;g{n+`trf;gh`;ikj/.0W+  «NDNDNP214365433aP87MS9 ¬a¦?j2|8`$jmn'tr`%§
thvj2|8`$t gh_
j2nrik2f$_a`$?n }2­ kk 6j0~2gr~mvk2¯i}?ni$%^Yg ¢;: _avk¯g~2`N´¯]0`;trg%vnr`$0ik?n
?k
nhf;trikv%nh`$nrg~m`~mv22f$`Yg$­
y¨0~2f$|8`$0~2ik_a_O`;?n3~m`Yg ig{|8`;%nrg'f;i}j2lR¸I%`Nnqp|¯` ~D¥ ik|2|2trvm]2`6v:Rtr`6j22` kf;thnrikº2`g{vjmnrv
~0i}0g·`O%vnr`%lnh`O~mj6|0ikt{ni}`
~D¥ j22`Okti}0~m`»¦j¯i}?nhnhfO~m`»~mvm$j2_a`$?nrg·`%n°|2trf;gh`$?nh`
~/¥ _a|¯vt{ni}?nrg
iF©ikni}`;gUgh0vkWi
$vk_a|0ikth`¢~2`;gughvkjmnrv0gu$ighgh¦?j2`YgUº0ig{f;`;gKghj2tuj02`·ik|2|2trv]0`%`;nh§ªgh`$trk`;j2tY­
A`Y%8i_av}nhkf·`;j2tuj2nhghi}nhvkW|8vkj2t²`;gughpmgqnr^$_a`;gA~D¥ m±³vth_Wi}nhvk+~m`·kti}0~m`YgK%v_a|0i}2`YgU_
j0¹nr¹§
ghnh`;g;¸nh`;`;go¦j¥ y=<I`%ny¨?nh`;X­
>*?DÁ @ =  =XÄ?=ÅÁ; bBA  =  Ä 6Ãk¿DCÁE*Fu6|2j0go~mjvkj2v}no~/¥ f$nhti}2`;_O`;?no¦j0tr`$0~32`G+;ik%`
X¥ jmnh¹§
ghi}nhvk~D¥ j26gh`$trk`$j0tI$`$?nhti}/i$$f;~mf|0iktj23nhtr^;gItrik0~ 2vk_»º2th`~2` 6j0~2gr%`;?nrg;¸2`$vIHmn
~mjWgqnrvm Fikk`²%`$?nrtrikg{fI~m`;?`$?nKgh2¹´8$i©nr¹±8vtrgr¦?j/¥ mg;¥ ikkn~m`I|2j0gh`;j2tgnrf$ti}vmnr`%ng~2`I~2vkm§
2f$`Yg$­®K¥ i}|2|2trvm]2`O|0i}t{§¨¢©§ª|0ikt1`;g{n0i©nrj2tr`$`;_O`;?nik|2|2trvk|2trf$`ai}j |0ikgrgri}k`O¢3X¥ f;]0`$`W¢i
JLK lMJON
 	

	
  
±³vkg`; nr`$tr_a`~m`|2j2grghik0%`~m`°nrtrik¹nr`$_a`$?nY¸¯~m`;i}|0i%nhf~m`g{nhvm ©i}`1`$n·~m`tr`;grghvkj2t%`YgAtrf%§
g{`Yi}j/­FK`+|8`$tr_a`%n»~D¥ jmnrgh`$t
2v}ni}_a_a`$?ni3º¯i}0~m`W|¯ikgrghiknr`W~mgh|8vk2º2`'¢i3|8f$tr|0]2f$tr`
~mj3thfYg{`Yi}j/¸2ghvkj0k`$?ng{vj0g{§=jmnrg{f;`k­
 0Á  #m=X	`A¿	@ =  =ÅÄC=³Á;DEc91i}0gj20`²iktr]2nh`Ynrj2th`Anhtik~2¹nrv22`$`k¸Fi1~mf$±Åi}i}0$`²~/¥ j2agh`$trk`$j0t$`$m§
nhti}ghf°th`;0~¯~mgh|8vk2º2`;gInrvkj0gI`;ggh`$tr$`;g²|8vkj2t=¥ `$0gh`$_»º2`~m`Yg 6j0~0gh$`$?nrg;­ 91i}0gj0
thfYg{`Yi}j|0ikth§¨¢©§ª|0i}t;¸0i ~mf%±Åikik0%`O~D¥ j2N 6j¯~m2`
_a`$n1f$2f;trik`;_O`;?no|0ikgo`$ $i}j¯g{``Oº¯v
±³vk0%nhvk20`$_a`$?n~mj¡trf;gh`;ikj/¸At87%`N¢¤j22` ~mgqnrthº2jmnrv¡i}trk`$_a`;n th`Y~mvk0~0i}?nh` ~m`;g th`Ygq§
g{vj2t%`;gIghj2t`;g~m-:Rf$tr`$?nh`YgI 6j0~2g;­
c=   =ÅÄ?=ÅÁ; #? ©`  FÁ;¿&=  #;Y¿8 ©Ã svkj2t²`Yguv|¯f;tri}nhvk0gA~m`1th`Y]2`$t]2`o~m`·th`Yghghvkj0tr$`;g;¸
`YgK_av}nr`$j2tgu~2`th`Y]2`$t]2`²nhtik~2¹nrv22`$gUjmnrg{`;nI~m`;guº0ikgh`;gu~m`o~mv22f$`Ygu$`$?nhti}ghf$`Yg_agh`;g
¢awqvkj0t|¯f;thvm~m¦j0`$_a`$?n;­ ;i}j0gh`+~mj nhtr^;gkti}0~ kvj0_O`+~/¥ m±³vktr_Wi©nrv¢3thf$±³f$tr`$0$`$tY¸/`
_Wi}nr`;¤¢awqvj2tO~2` %`Yg0~m`$lS$`$?nhti}j2l`;g{nO~2 G+%`k­sikt»$vk0ghf;¦?j2`;nY¸g»|8`$j2`$?nOghvkjm§
k`;n±³vj2tr2t~2`;gIm±³vktr_Wi©nhvk¯gIvkº0ghvk^%nr`;g;­4FKth`;©i}0]2`¸m~2i}0gj2%vk?nr`%lnh`°|0ikth§ª¢}§=|¯i}t;¸?i
th`Yg{|8vk¯ghikº2nhf+~m`W=¥ 0~m`$l2i©nhvk |8`$jmn»¶%nhtr`Wtrf$|0ikt{nr`¸/]0ik¦?j2`W 6j¯~m|¯vj2©i}?n_Wi}?nh`$0tj0
¯~m`%lN¢
wqvkj2t°ghj2t1gh`;g1|2trvk|0th`Ygtr`;grg{vj2tr$`;g;­¯zR¥ i}grghik?n1~D¥ j22`a¦?j0i}?nhnhf
nhtr^;g1_anhf$`a~m`Oth`Ygq§
g{vj2t%`;gu|¯vj2tI]0ik¦?j2`6j0~D¸?`·_aik?nr`;'¢wqvj2tA~m`Ygu0~m`$lW`;g{n²~2ik0gA$`·;ikgKº8`;ikj0%vj2|+|2j0g
±Åik$`k­/®i+trf$|8vk0gh`O¢ j22`Otr`;¦?j2¶%nr`»|8`$j2nikvtrg·¶%nrth`agri©nhg{±Åi}nh`O|0i}t1i _agh`O`$ %vk_a_»j2~m`
%`Yg_af%nri}§ª~2vk22f;`;g;­
®`;g°trf;gh`;i}j2lN|0i}th§ª¢}§=|0ikt·|2trf;gh`$?nh`;nikj0ghghK~m`Yg~mf;griF©i}?nrikk`;g;­B9o`W|0ikti0i}nhj2tr`W~mj thfYg{`Yi}j/¸
=¥ `%lmf;$jmnhvk~m`;gIgh`$tr?%`YgIg{j2t$`;g²thfYg{`Yi}jmlW/¥ `;g{n|0ikg²2fY%`Yghgri}th`;_a`$?nA~mf$nh`$tr_a0g{nh`­msiktI`%lm`$_a|2`k¸
i»thf;|¯v0g{`°¢»j22`°_a¶$_a`·tr`;¦?j2¶$nh`°~mf$|8`$¯~~2`·i
vm$ikghi}nhvk~mj ~m`;_Wi}0~m`;j2tg{j0t²`°thfYg{`Yi}j+`$n~m`;g
tr`;grghvkj2t%`Yg~mg{|8vk2º2`;ga~2ik0g»ghvk kvgh¯i}k`­sUi}tai}`;j2trg;¸j22`th`Yghghvkj2t%`'|¯`;jmna~2gh|0i}tinhtr` ~2j
trf;gh`;ikjWg{2`o6j0~2¦?j20i1±³vkj0th2nAgh`o~mfY%vk02`;%nh`o~mjWtrf;gh`;ikj/­kµof;i}0_Ov¯g$¸k~2jW±Åi}nA~m`itrf$|2$i©nrv
_a|2$¹nr` ~m`Ygtr`;grg{vj2tr$`;g1`;g|0j0gO~m`;_aik0~mf;`;g|0ikt
`+|2trv}nrv$vk`k¸$`+|2trvkº2^$_a`+~m` ~mgh|8vk2º2nhf
0`°gh`1|¯v?g{`¦?j2`°~2i}0gI`$ig²~2`;g²th`Yghghvkj0tr$`;gAtrikth`;_O`;?nAjmnrghf$`Yg$­2µovkj0gItr`$_Wiktr¦?j2`;thv0gu¦?j2`1|2j0gIi
ni}`~m`%`YgIthfYg{`Yi}jml'ikj2k_a`;nr`k¸m|2j0g]¯i}jmnr`1`YgqniO|2trvkº0ikº2nhf~m`°nhtrvkj0k`$tIj20`1tr`;grghvkj2t%`­
¼j0gr¦j¥ ¢W|0thfYg{`;nY¸¯=¥ i}|2|2$i©nrvi+|2j¯gonqp|2¦?j2`
iFp?i}?nnhtrf|2trv}´2n°~m`;g·thfYg{`Yi}jml|0i}th§ª¢}§=|0ikti
f$nhf` 	
M
 0	23
G5H?K`;_Ovm~m`»`Ynrj2th`¸2nqp|2¦?j2`$_a`$?n·~2`;go´¯]2`$tg \ 0¸ ^=­%, 8&Kd
	af%nrik¹n
º¯ikghfAghj2tj02`i}|2|2trvm]2`K]pº2tr~m`£F`Igqnrvm Fikk`K`$n`;gnrtrik0gq±³`;t{ng~2`u´¯]0`;trgf%ni}`$?n~2g{nhtrº0j2f;g;¸;_Wikg
`;gKthf;|¯`;t{nrvkth`Ygf%nrik`;?nu%`$?nrtrikg{fYg$­ *5H23d
	,,-©¸X¥ j2+~m`gh`;gug{j0;%`Yghgh`$j2tg;¸©_a|2f$_a`$?nr`j2a|2trv}nhvm$vk`
$vk_a|2^%nr`$_a`$?n~mgqnrthº2j2f­ e3i}jmnrth`ghj0$$`;grg{`;j2tA`Ygqn 
/
G5B
G=¸2¦?j2/gh`o±³vm$ikgh`°ghj2tI=¥ ik2vkp_Wi©n~m`;g
ghvkj0tr$`;gU`$nIghj2tu=¥ ?nhf;ktr¹nrf·~m`YgA~2v$j2_a`$?nrg;­xj©wqvj2tr~/¥ ]j2=¸?~2`;g²g{pmg{nh^$_a`Ygu~m`·|0i}thnrikk`o~m`o´¯]2`$tgu~m`
~2`$jmlm^$_a`Af$2f;tri}nhvk/¸$nh`;`;g¦?j2` .!0 + ¸YvM:8tr`$?n~m`;g±³vk¯nhvk00i}¹nrf;g|2j0g%vk_a|2`%lm`Yg$£;nhti}0g{±³`$thnrg
|¯i}ti}^;`Yg~m`|0j0gh`$j2tgUg{vj2t%`;g;¸Y|¯v?ghghº0¹nrf;gK~/¥ ikthtr¶%n`%nK~m`tr`$|2trg{`I~D¥ j2Onhti}0g{±³`$thn;¸F`%n}­Meo2`i}j2nhtr`
ik|2|2;i©nrv'nqp|2¦?j2`|¯vj2t`;gtrf;gh`;ikjml+|0i}th§ª¢}§=|0ikt²`;g{niE
GK8K	 
	?
5 K55B/
°|2trvk|8vghf$`°|0i}t
	@
vkja|0iktH +
K/K	
G5D
	­FKm´0¸?~m`YgK|2trv}wq`$nrgKghvk?nuinhj0`$`;_O`;?nu`$+$vkj2tgU|8vkj2tKj2nhg{`;tu`;g
trf;gh`;ikjml+|0ikth§ª¢}§=|¯i}t²$vk_a_a`°ghj2|2|8vkthn|¯vj2t`$i}%j0/~mg{nhtrº2j2fk¸0|0i}t`$l`;_a|2` C
	
g.\ ^=­
lmlonp qq$rs
   55H2 2M   ?,
   		
		 !²»	²*a	,3.2°.m,3
eokti}0~2v_
º2tr`+~m`WnrtriF©i}j2lvk?nf$nhf'$vk0grik$thfYgi}j |2trvkº2^$_a`'~mjS|¯i}thnri}`W~m`W´¯]2`$tg`;
`;%nhj2tr`Ig{j2tU~m`YgthfYg{`Yi}jml|0ikth§ª¢}§=|¯i}t;­;sikt$vk?nhtr`k¸©ikj0%j2¸F¢·2vknhtr`²$vk20ikgrgri}0$`k¸$0`Ig;¥ `;g{n?nhf$tr`;grghf
¢+i'|¯v?ghghº0¹nrf»~D¥ jmnrgh`$t°%`$n{nr`Oik|2|2trv]0`|¯vj2t·`
|¯i}thnri}`
~D¥ `;gh|0ik$`_af$_avktr``$6`;%nhj2tr` 
	`;
fY%tr¹nrj2tr`k¸Fkf;2f$ti}gri}?ni}0g{2¢1trik0~m`²f;]2`;`I`Ygnh`;]02¦?j2`Yg~m` 	
1L 42
	,,-
G
	5 d /

« os²¬'º0`; %v2j2`;g |8vkj2t3`;g kti}|2|8`;g;­²®i¤$vk?nhtrº0jmnhvk¡~2` $`%ni}thnh%`N`;g{n~D¥ ik0i}pmg{`;t'`;g
|0thvº2^;_a`;g²|¯v?g{fYgI|0i}tia%v0%`;|mnhvk3~D¥ j2nh`$g{pmg{nh^$_a`­
eo
nr`$2gh`$tr?%`²~m`I|0i}thnrikk`²~m`I_Of;_avkth`²g$¥ i}|2|¯i}tr`$?nh`²i}jml
ghpmgqnr^$_a`;g~m` G
1LgC2
	,,-
	
	5
	/
K « ·sA¬­y¨u`Ygqn»th`Yg{|8vk0gri}º0`+~m` i3`;g{nhvk~m`'X¥ i}vm;i©nhvk¸~m`+ivm$i}ghi}nhvk/¸~2`+i
trf$|0$i}nhvk°`%nY¸$`$|0j0g;¸;~2`Ki~2g{nhtrº0jmnhvk~m`Yg~mv22f;`;g;­YA`;g|2thvº2f$_Wi©nr¦?j2`Yg$¸i}trk`;_O`;?n/f%nhj¯~mf;`;g
|8vkj0t`;ikg~m`Ygkti}|0|¯`Yg~m`
g{nri©nrv0g;¸2~mvkk`;n¶$nhtr`thf$§=f;©i}j2f$`YgIvtrg~mj3|0ighgri}`¢»=¥ f;]2`;`k­0®`;g
trf;gh`;ikjmlN|0ikth§¨¢©§ª|0i}tg{vn»º2`;ik~2ik|mnhfYg¢%`'2vkj2`;ikj ;ik~mtr`k¸_aikg`+|0thvº2^;_a`W`;g{n»~m`+|0ighgh`$t
~/¥ j20`»g{vk ~mjtrf;gh`;ikjN%v_a_O`»`;gh|0ik$`O~2`<K 0M 
'~mgqnrthº2j2fa¢'j02`»g{vk ~mjNtrf;gh`;ikjN%v_a_O`
`Yg{|¯ik%`A~D¥j
GK/K		
)M,-M./,0~mgqnrthº2j2f­Yy¨±Åi}j2n?nhf$th`;t~m`Yg_afY$i}0gh_a`;g~m`u`;g{nhvk
~m`Ai0/ 	
	5&0/

~2`;g°~mvk02f$`Ygotrf$|2¦j0f$`;g;¸R¦j0U|¯`;j2k`;n°¶%nrth`»_av~2¹´0f;`;g1|0ikt·j2 ghvkj0g{§=`;0gh`$_
º0`
~2`;g1 6j0~2gh`%n°j2`;g
|¯i}tuj0+i}jmnrth`oghvkj¯gq§ª`$0gh`$_»º2`k­?A`·|2thvº2^$_a`2`ogh`o|8vgri}nu|0igu~2ik0gK`·;ikgK~2j+|0i}thnrikk`~m`o´¯]2`$tg$¸
¦?j2/$vktrth`Yg{|8vk¯~'¢Oj2gh]0f$_Wia~m`|0i}thnrikk`°~m`1nqp|¯`trf$|2$i©nrv'nrth^Ygg{_a|2`k¸m`$3`;%nhj2tr`g{`;j2`­
enhg{`;tj2 trf;gh`;i}j|0i}th§ª¢}§=|0ikt°%v_a_O`Wghj2|2|8vkthn|¯vj2t`W|¯i}thnri}`»~m`W_af;_Ovtr`a2f;$`;grg{nh`W~m`
tr`$g{nh`;tu`;gA]p?|8v}nr]2^;gh`;gA~m`;g²·s $ighgh¦?j2`YgU`%n~D¥ `$ th`;|¯`;0g{`;tu`;gA_af;$ik2g{_a`;gAi©´0 ~m`·|0th`;0~mtr`
`;$vk_a|mnr``Yg$i}tik%nhf;thgqnr¦?j2`YgI~m`%`%v?nh`%lnr`1vthk0ikX­
 M@2 =ÅÃ=³ÁY # ©  2 Y¿¯$Â 2Ã @RÁE1®`;gDtrf;gh`;ikjmlo|0ikth§ª¢}§=|¯i}tRghj2|2|8vkthnh`;?n~m`;gD_a`$tg$¸%vkth`
~m`;gu_avk¯gu~m`6j0~2gr¦j00|8`$j2`$?nAgh`%vk02`;%nh`$tA`%nAgh`~mfY%vk02`;%nh`$t²~mjWtrf;gh`;i}jW~m`o_aik2^$tr`
~mp0i}_a¦?j2`»|8`$¯~2i}?n°X¥ `%lmf;$jmnhvk ~D¥ j2Nnrtrik¹nr`$_a`$?nY­R®`;g·f%nrj0~m`;gghj2t1`Yg°g{pmg{nh^$_a`Yg·¢os
nhvf;trikng°i}jml6|0ik22`Yg1ghvk?n~mvk¯
|0ikt{nr$j2^;th`;_O`;?n1?nhf$tr`;grgri}?nh`Yg·~2ik0g°%`a$i~mth`­A`$|8`$m§
~2i}?nY¸¯i+|2trvkº0f;_ai}nh¦?j2``;g{n·|0j0g·kf;2f$ti}`%=¸8;i}t1}¥ `;g{n·`$6±Åi}n·` M
dMa~m`O~mgh|8vk2º2nhf
~m`;g·|0iktgo¦?j2©i}tr`£0=¥ `Yg{|0i%`_af;_Ovtr`vM:8`;t{n·ikj6|0ikt{ni}k`¸2i+º0ik0~m`|0ighgri}?nr`
~mg{|8vk2º2`k¸
`%n}­m®/`Ygu~mfY%vk02`%lmvk0gu|¯`;j2k`;n²¶%nrth`·?j0`;g²%vk_a_a`·~2`;g²$ikgu|0i}thnh%j0`$tgKvk+i
~mgh|8vk2º2nhf
~D¥ j23 6j0~2~m`;`;nj2`k­
 ?ÁY ©¿&(¯@D=³Á;DEo®`;g/ghpmgqnr^$_a`;g¢osv?nf%nrfu%v %j0g/`K|0j0gg{vj2k`;?nR|8vkj0t~m`YgDkti}|2|8`;g/]2vk_av}§
k^;2`;g;­91i}0gIj23trf;gh`;ikj~m`°nrth^Ygkti}¯~m`oni}`k¸0X¥ ]p?|8v}nr]2^;gh`~D¥ ]2vk_avkf$0f$nhf~m`;gItr`;grghvkj2t%`Yg
_Wi©nhf;th`$`;g·/¥ `Ygqn°|2j0g1thfYi}g{nh`­8®`»;ikg·`O|2j0g·±³thfY¦j0`$?n·`Ygqn%`;j2vk6`Ygo|0thvm%`Yghgh`$j0trg;¸0`;g
g{pmg{nh^;_O`Yg~D¥ `%lm|2vknri}nhvk/¸2`;gthfYg{`Yi}jml'`$no`;g|2trv}nrvm%vk`;g~2`%vk_a_»j22$i©nrv3Fikth`$?no~D¥ j22`
$v2` ~mj thfYg{`Yi}j¤¢Nj22`3i}jmnrth`­®`;gO$iktrinhf;thg{nh¦j0`;g
~2`;gO~mJ:Rf$tr`$?nr`;g»th`Yghghvkj2t%`Yg_ag{`Yg
`;
wq`$j « ~mf$º0¹notrf;gh`;ikj/¸m´¯ikº2nhf¸02k`Yi}j~m`
ghf;$j2thnhf¸0~m`;ktrf~m`
~mg{|8vk0º2¹nrfk¸0`$nrk­ ¬ghvk?nf;i}`%§
_a`$?n]2f%nrf$trvkk^;2`;g;¸D~2i}¯g·=¥ `;gh|0ik$`»`$n~0i}0g°`Onh`$_a|0g;­/®i |8vkthnri}º0¹nrfa`%nX¥ nrf$trvk|8f$ti}º2¹nrf
~m`$`$20`$?no~2i}¯g%`%v?nh`%lnr`°~2`;gI|2trvk|2trf%nhfYg²|0i}thnh%j2^$tr`$_a`$?n_a|8vkthnriknr`;g;­
 ©Ã =³Á Ã}Á; =Å  ©Ã	m=
DDE  i~m-:8f;th`;0%`1~m`;gukti}|2|8`;g;¸k$iktrinrf$trghf$`Yg`|0j0gAg{vj2k`;?nu|0i}t
j22`i}t]2nh`Ynhj0th`&,-d
$¸2`1|¯ikgrghikk`o¢»X¥ f;]0`$`°_O|8vgh`1j22`i}t]2nh`;%nhj2tr` 3?G80 D	2
%¸¯|0i}t
`%lm`$_a|2`·~2`;gu$vk0g{nh`;i©nrv0gu~2`okti}|0|¯`Yg$­k®`;gAf%nrj0~m`;guthfY%`;nr`;gAg{j2tAX¥ `%lnr`$0ghv'~m`YgK_avm~m^$`;g
~m`6%v]2f$tr`$¯%`%ikgrg{¦?j2`;ga¢S~m`3nr`$`YgWi}t]2nh`;%nhj2tr`;gWghvk?nW|0ikt{nr$j2^$tr`$_a`;nW?nhf$tr`;grgri}?nh`Yg
~2i}¯g%`$i~mtr` \ $^ª­
JLK lMJON
 	

	
  :
(p|8v}nh]0^;gh` ·s%ikgrg{¦?j2`;g f$_avtr`°|0i}thnrikkf$`°ghj2tthfYg{`Yi}jml+s²©s
µv_
º2tr`~m` 6j0~2g ´2lm`k¸   ©i}trikº2`¸ 	
 
9ogh|¯v2º0¹nrf
~m`YgI 6j0~2g ´2lm` ©i}trikº2`°~2ik0g`·nr`$_a|0g
Avkm´¯kj2ti©nrv'_Wi©nrf$tr`;` ]2v_Ovk^;2`k¸2g{nri}nh¦j0` ]2f%nrf$trvk^$2`¸~2p?¯i}_a¦?j2`
vm~m^$`~m`_af$_avtr` |2i©n ]2f$ti}t]2¦?j2`
sUi}thnri}` nr`$0gh±q¸2kvkº0ik ±Åi}º2`k¸2vm$i}
Athnh^;th`Yg~D¥ f$©i}j0i©nrv `G+;ik%nhf ~mg{|8vk2º2nhf
bAvk_a|0iktrikghvk ~D¥ ]p|8v}nh]0^;gh`;g;£2os$ighgh¦?j2`Yg²gghpmgqnr^$_a`;gI|¯i}t{§¨¢©§ª|0i}t
>1 `2Ã  # #?Y  (
DE1®/`;gog{pmg{nh^$_a`Yg¢Wos$ighgh¦?j2`YgIvk?nf%nrf
%v %j0gI|8vkj0to~m`;gkti}|2|8`;g~m`
|¯`$nhnh`°ni}`k­ eo`Yg{|¯ik%`°~D¥ ik~mtr`;grgri}k`·kvkº0ik8$vm~mfg{j2t?º0¹ngIf%nrik¹nghj4G+ghik?n;­0zD=¥ v `$jmn
_Wi}nr`$0ik?nK|¯vj2kvtKi$%fY~m`$tA~m`_Wi}2^$tr`j22±³vktr_a`¢°i°_af$_avtr`~m`%`;?nri}2`YgK~m`_a`;trg
~m`'6j0~2g;¸ }Nº2¹ng»~/¥ i~mth`Yghgri}`Wg{vn»2f;$`;grghiktr`;g;­/y¨Ig{`;_
º2`+ti}g{v20i}º0`+~m` |¯`;0gh`$t»¦?j2`
`Yg|2trvm%`Yghgh`$j2tg%vj2ti}?nrg²±³vj2th0trvk?no%`$n{nr`±³vk0%nhvk2¯i}¹nrf~D¥ %¦?j2`$¦?j2`;g·i}22f;`;g;¸2_Wi}g%`
|¯v?n2`~2vknI|¯ikgI¶%nrth`0f$kkfk­
¿8 (
 # @3#E°®/`;gug{pmg{nh^$_a`YgU¢os$ighgh¦?j2`YgUg{`I|2ik$`$?nu~2ik0gUj2W$i~mtr`Ig{nri}nh¦?j2`k¸
vMka`;gU 6j¯~2g{|8`$j0k`$?nK¶$nhtr`~mf;gh2f;g|¯i}tu~m`YgU`$?nr`;trgU$vk0ghf;$jmnh±Åg$­A`;%0|¯`;th_a`%nKj02`k`Ygqnrv
nhtr^;g'vk|mnr_ag{f;`;g'~2`;gWni}º2`;g;­ FK¡|2thfYg{`;0%`6~2`%`;?nri}2`Yg+~m`6_a`;trg ~m`6 6j¯~2gh~2gh|¯`;trghf;g
g{j0t1=¥ y¨nr`$tr2`%nY¸D|2trf;gh`$?nrg1~m`a_Wi}2^$tr`»?nh`;th_an{nh`;?nh`k¸/gri}¯g·trf$|8`$thnhvtr`»$`$?nhti}g{f¸¯j20`»nr`$`
i}|2|0thvm]2`A`;g{nU$iktr`$_a`;n¯ik~mfY¦j¯i©nh`­Fy¨±Åikjmn|¯vj2kvtg$¥ i}|0|2j2pk`;tghj2tj2Og{pmg{nh^$_a`Ii}jmlmi}tr`
~m`Wk`YgqnrvS~mp0i}_a¦j0`a~2`W2vk_Wgj20¦?j2`Yg$­ 91i}¯gX¥ i}|0|2thvm]2`O|2trvk|8vghf$`a%=¸%`+gh`$tr$`O`Ygqn
±³vkj2tr2/|¯i}t¼k½1\x
­
 Ã	  0 #_`  FÁ  ( DE°®`;gOg{pmg{nh^;_O`Yg
¢os |¯vj2t»`;g»kti}|0|¯`Yg
ghj2|2|8vgh`$?n»`'|2j0gOg{vj2k`;?n
¦?j/¥ j02`
~mv22f$`
|¯`;jmn·¶$nhtr`ik$$f;~mf;`¯~mJ:Rf$tr`$_a_a`$?n1|0i}tnrvkj0g`Yg 6j0~0gh¢W]0i¦?j2`¯gqni}?n;­
9·ik0gOj2¤trf;gh`;ikjS|0i}th§ª¢}§=|0ikt»~m` trik0~m`Wni}`k¸²gh`$_»º2` ti}g{v20ikº2`+~2` |8vgh`$tOj22`]p§
|¯vknh]2^Yg{`~m` ,-g0/,F3ghj2t
`'|0ikt{ni}`k£/j20`'~mvk02f$`+`Ygqn»nhti}nhf;`+|0i}t
j2|0ikt»vkjSj2thvj2|8`
~m`'|¯i}trg « j22`kti}|0|¯`¸/|0i}tO`%lm`;_O|0`F¬¸|2j2g
|0ikt
j2 i}jmnrth`+thvj2|8`k¸`$nrk­sUi}tOi}`$j0trg;¸`;g
gh]0f$_Wikg~m`
|0i}thnrikk`°vk?nf$?i}`$_a`$?nj22`g{nhtrj0%nhj2tr`]2f$ti}t]2¦?j2`­msUi}t`%lm`;_O|0`¸0|2j0gh`;j2trg
i}|2|0$i}nhvk0gK¦?j2¯%vvk|8^$tr`$?nU|¯`;j2k`;?nujmnhgh`$tKj0O`;0gh`$_
º0`~m`_Wi}nhtr$`;gKg{nhvm kf;`;gU~2ik0g=¥ `Ygq§
|0ik$`W~m`a_Of;_avkth`a|0ikt{ni}kf;`
`;pNi$$f;~2iknghj2©iknj2Sgr]2f$_Wi~m`Onqp|¯`W|2|8`%§ª2`k­  j0
2k`;ikj]2f$ti}t]2¦?j2`°m±³f$tr`$j2tY¸0¢+]0i¦?j2`f%ni}|8`k¸0j06`$0gh`$_»º2`~m`
ghvkj0g{§=_Wi}nhtr$`;gghvk?nojmnr¹§
ghf$`;gI|¯i}tj22`ik|2|2;i©nhvk3~mgqnrthº2j2f;`~mvk20f$`g{j0©i}?nj2%`;t{ni}gr]2f;_aiO~D¥ ik;%^;gIvm$ikR¢
%`$n{nh`f$nrik|¯`­
' =³Á  # 2ÄÅmÁg=Å¿D@#E1®/`a|0ikgrgri}k`O¢X¥ f;]2`;`aiikj0grg{|8vkj2t`	:8`$n°j02`ath`;_Ogh`O`; ;i}j0gh`a~m`;g
|2trvthnhfYgo~m`Ygo%trnh^$tr`;go~D¥ f;©i}j0i©nrv6~m`;g1g{pmg{nh^;_O`Yg$­8®ia±³v0nrv20iknhf¸0iWnhti}¯g{|0ikth`;0%`¸mi
nhvf;trik0%`1~mj ghj2|2|8vkthnI~2p?¯i}_a¦?j2`·`%nIX¥ nrf$trvk|8f$ti}º2¹nrf·~m`;?`$02`$?nI|2j¯gA_a|¯vt{ni}?nh`YgA¦?j2`
ia|8`$th±³vktr_Wi}0$`k¸m¦?j2/|0ighgh`°g{vj2k`;nikjgh`;$vk0~ |2i}/­
lmlonp qq$rs
    55H2 2M   ?,
 
	 & 	 $FD&!K&'	(,&  	 	IW%!²	 ,%/.01.2,3
eo2`i}0ikpmgh`o~m`;gIghpmgqnr^$_a`;gA|0i}th§ª¢}§=|0iktA`%lmgqni}?nrgA|¯`;th_a`$nI~m`°%v0g{nri©nr`$tI¦?j2`1$`;g²trf;gh`;i}j2lO|0ikt{§
ni}`$?nUj2»trik0~»2vk_»º2th`I~m`I±³v0nrv20i}nhf;gU$vk_a_
j02`;g;­}6i}]2`;j2th`;j0gh`$_a`$?n;¸©$`;g±³vk¯nhvk00i}¹nrf;g
ghvk?nUg{vj2k`;?nvkvk?nriktr`$_a`$?n_a|2f$_a`$?nhf;`;g|0iktU~m`;g_af;;i}2gh_O`Yg|2thv|2trf$nri}tr`;g;¸$±³`;th_af;g;­©x´0W~m`
_a`$n{nhtr`K`;6j2th`;j22vj2k`Yi}j1nqp|¯`²~m`ugh`$tr?%`u|0i}t{§¨¢©§ª|0iktY¸?`;g{nghvkj2`$?n2fY%`;grgri}th`K~m`A%vk¯gqnrthj2tr`
j0ghpmgqnr^$_a`%vk_a|2`%nY¸2i}vktgI¦j¥ j2kti}¯~+2v_
º2tr`~m`%vk_a|8vgri}?nrgI~mj3ghpg{nh^;_a`1tr`$|8vgh`$?ng{j0t~m`;g
_afY$i}0gh_a`;g²~mfqw{¢O_O|0f;_O`;?nhf;gI|0thfY%f;~2`$_a_a`$?n;­sUi}t%v0ghf;¦?j2`$?nY¸j2?`;g{nhghgh`$_a`;n²_a|8vkthnrikn
`;6nr`$_a|0g°`%ntr`;grg{vj2t%`;go_Wi©nhf;th`$`;g1`%n°]j2_Wi}2`;g1`;g{n2f;$`;grghiktr`
vktg1~m`ai ©i}~2i}nhvk ~m`»0vkjm§
`$`Yg/nr`;]20¦?j2`Yg|¯i}t{§¨¢©§ª|0i}tY¸;$ikt$`$io0f;%`Yghghnh`A¢1]0i¦j0`K±³vkgi·_agh`²`$6j2th`Y~m`;g_af;$ik2g{_a`;g
~2`1º¯ikgh`k­
FK |0i}thnrik?nA~m`·$`o%v0g{nri©nY¸`|2trv}wq`$n²¼½·\x \ : ^Dg$¥ `;g{nA|2trvk|8vghf~D¥ ~2`$?nh´0`$t²|2j0gh`;j2trgA%v0%`;|mnrg
`$n_afY$i}0gh_a`;g3~m` º0ikgh`h	5&	G2
GK |0thv|2th`Yg'ikjmlthfYg{`Yi}jml |0ikth§¨¢©§ª|0i}t;­uy¨2¹nrf |0ikt6zj2 ~0i}0g
j02`Wi}|2|2trvm]2` m
G5- 230/
$¸/%`O|2trv}wq`%n°|2trvk|8vgh`»|0j0gh`$j2tg1|2thvknhvm%v`Ygo|8`$tr_a`%nhnri}?n~m`akf;th`;t·j0
$`$thnrik2v_
º2tr`~m`
±³vk0%nhvk20iknhfYgo$vk_a_
j20`;g;¸¯%v_a_O`
iW`;g{nhvk6~m`Yg|0iktg;¸0i+~mf;$vkj2`$thnh`~m`
tr`;grghvkj2t%`Yg$¸D=¥ kvm$i}nhvkS~m`g{`;th%`;g
g{j2t»`'thfYg{`Yi}j/¸i6$vk_a_
j02;i©nrv ?nh`;t{§ª|0i}tY¸/iNg{fY%j2tr¹nrfk¸
`$nrk­mA`Ygu|2trv}nrvm%vk`;gK|¯`;j2k`;nIg{`;thtA~m`·º2tr¦?j2`YgA~m`·º0ikgh`|8vkj2t²i_agh`o`; 6j2tr`;~m`ogh`$tr$`;gu|0i}t{§
¢}§=|¯i}t;­¼½·\xÆ_O`$nOik0gh²`Yg±³v0~2i©nrv0gO~D¥ j02`+5/$K420G423
	5&		2
3~m`+nqp|8` ?MD,
a

|8vkj0t~m`;gik|2|2;i©nhvk¯gI|0i}t{§¨¢©§ª|0iktY­
  "!$#%'&()!*
+  = E e O`;g{no=¥ j02¹nrf
g{nhtrj0nrj2th`;`~m`º0ig{`~2`nhvjmnthfYg{`Yi}j3|0ikth§ª¢}§=|¯i}t;­De|0ikto|¯`;jmno¶%nrth`
nhvjmnh`1th`Yghghvkj0tr$`$i}|¯i}º2`·~m`1%`1%vk02`;%nh`$tIi}j'thfYg{`Yi}jW`%n~m`o±³vkj2tr2tAj2g{`;th%`£kj22`1gqni©nrv
~m`WnrtriF©i}=¸/j22`+trik|2|8`+~m`'g{nri©nrv0g;¸/vkjS_a¶$_a`+j0ikgrg{gqni}?n|8`$tg{v22`$uf$`;nrthv2¦j0`k¸~m`
nqp|¯`sa9ox­¯¼½·\x ~mgqnr2j2`|2j0gh`;j2trg²nqp|8`;g~2`1|¯i}trg;­
+  = ©+ =@ =Å 2? E·A`Ygo|¯i}trg1g{v?n·trf;~mj2nrg1¢~m`;go±³vk0%nhvk2¯i}¹nrf;g·f$f$_a`$?nriktr`;g1~m`a%v_»§
_»j22$i}nhvk/£D`;?vkU`$n°trf;$`$|mnrv ~2`W_O`Yghgri}`k­Ry¨K2`Wghvk?n$ik|0i}º2`;g°0K~m`+gqnrvm k`$t~m`
=¥ m±³vth_Wi}nhvk/¸m2~m`°thvjmnh`;t`YgI_O`Yghgri}`;g;­
+  = ©+ =X]`Ä IEoA`YgK|0iktg|¯`;j2k`;?nu`$kv©p`$t`%nKtr`;$`$vktK~m`_a`;grghikk`;g`$n;¸`$W|2j0g;¸g{nhvm k`;t
~0i}0gWj0 ;ik]2`3vm$i}~2`;gWm±³vktr_Wi©nrv0gWg{j0t+`Ygath`Yghghvkj0tr$`;ga~mj thfYg{`Yi}j/¸Kghvkj¯gO±³vktr_O`
~/¥j55&5&0/
GK « ±q­I~mf$´02nhvk~D¥ i}20vk0$`6|2j0g+vk¯¬­A`;g i}22v0%`YgW`$j2t+|8`$tr_a`%nhnh`$?n
~2`
trf$|8vk0~mtr`¢'~2`;gtr`;¦?j2¶$nh`Ygo~D¥ 2±³vktr_ai}nhvk0go`%n·~2`
|0ikt{nr$|8`$t1i}0g{i}j6|0thvknhvm%v`~m`
~2f;%vj2k`;t{nr`1~2`th`Yghghvkj2t%`Yg$­
+  = © # @#-,©Â
¯¿8EA`;gA|0i}trgug{vnA`;grg{`;nr`;gA¢i%v0gqnr¹nrjmnhvk ~mjWthfYg{`Yi}j/­FK+|2j0g
~2`;ga±³v0nrv20i}nhf;g'~mf;$thnh`YgW|2j0g+]0ikjmn;¸A%`;g'|0i}tga|¯`;th_a`%nhnh`;n~m`±Åi}tr`3ghj2th``;g
tr`;¦?j2¶$nh`YgIk`$tgI~D¥ i}jmnrth`YgI|0i}trg$vk2j0g « |0i}trggh_O|0`Ygvkj|0i}tg²~2`th`;0~m`$§=vkj0g¬­
+  = © # ©¿8Á  ( 	EA`;g'|0i}tg'g{nhvm k`;n'~2`;g m±³vth_Wi}nhvk0g+~2`Ntrvkjmni}k`3`$tg+`;g'ikjmnhtr`;g
|¯i}trg;­ Fu¡|2j0g;¸²g |8`$tr_a`%nhnh`$?n6~m`Nnhti}0gh_a`%n{nrth` `;g th`Y¦j0¶%nh`Yg ~2`;g|0i}tg'g{vfYg ~2j
trf;gh`;ikj'|0ikt~m`;gI_afY$i}0gh_a`;g~m`|0ikth`$§X±³`;j/­
JLK lMJON
 	

	
   
 ©¿8 ` # `  = FE°®/`;gM2g
KM
  /K°$vktrth`Yg{|8vk0~2`$?n²¢»~m`;g²`$¯g{`;_
º2`;g²~m`1|0i}trgAtrf$j22g²|0i}t
j2 ?nhf;th¶$n°$vk_a_
j0/£Rj22`ai}|2|2$i©nrvN~m`W%vi}º8vkti©nrv/¸0j0N`$¯g{`;_
º2`O~2`Ogh`$tr$`;g·vkjNj0
2k`;ikj~2`g{fY%j2tr¹nrfk­
   =ÅÃ DE°®/`YgAK	
GLg?0/
KIg{v?n~m`;g/nhti}nh`;_O`;?nrg±³vkj2tr2gi}jgh`$
~D¥ j2trf;gh`;ikj°|0i}t{§¨¢©§ª|0ikt « th`Y]2`$t]2`k¸
|0i}thnrikk`¸?`$nrk­ ¬%­RA`g{v?nI`;jml¦?j2D_avknhk`$?nia%vk¯gqnr¹nrjmnhvk~mj3trf;gh`;i}j­ %·3~mgqnr0kj2`~m`;jml
nqp|¯`Yg~2` gh`$tr$`;g;£²~m`Yg3g{`;th%`;g 5&L ?2
G,FK¸±³vkj2tr2g'|0ikt~m`;g|0iktg'0~m~2j2`$g`%n~m`;g
g{`;th%`Yg M
 2g 
$¸8±³vkj2tr2go|¯i}toj0Nktrvkj0|¯`
¢+nhvj0g·gh`;g·_a`$_»º2th`Yg$­8sKj0gh`;j2trg·_a`$_»º2th`Yg·~2j
ktrvkj2|8`O|¯`;j2k`;n$vk?nhtrº0j2`$tY¸D~m`a_aik2^$tr`Otr`;~2vk0~2ik?nh`k¸D¢%`W~m`;th2`$t°nqp|8`W~m`Wg{`;th%`k¸D¦?j2
th`Ygqnr`~mgh|8vk2º2`°nri}?no¦?j/¥ i}j_avk0gIj23_a`$_
º0th`~mj3ktrvkj0|¯`°tr`;g{nh`%v22`;%nhf­
 @ @¿D@Ã 	E e0`aik22v0%`O`;g{nj22`ath`;|2trf;gh`$?nri}nhvkg{nhtrj0%nhj2trf$`a~D¥ j22`a`$?nhnhfa|2trf;gh`$?nr`Oghj2t`Otrf%§
g{`Yi}j/­FKW|0ikt{nr$j2`$tY¸©nrvkjmnr`;gK`;gK`$?nhnhfYgu~mfY%tr¹nr`;gDwqj¯gh¦?j/¥ $ « |0i}t;¸kktrvkj2|8`~m`|0iktg;¸kg{`;th%`F¬
vkjnhvjmnh`ikjmnhtr`°th`Yghghvkj2t%`1|8`$jmn¶$nhtr`°~2f;%trnh`|0ikt²j02`i}20vk0$`k­
+ ©¿¯Á;¿/Ã¿¯Ä  #  2 DE1sKj0g{`$j0trg)B 0/,-
K
~2f%´02grg{`;niagqnrthj¯nhj0th`~m`Ygf;]0ik2k`YgI~D¥ m±³vth_Wi©§
nhvk0ga|8vkj0tOj0 `;0g{`;_
º2`3~D¥ ?nh`;trinhvk¯g±³trf;¦?j2`;nr`;ga~2ik0gaj2¤trf;gh`;ikj¤|0ikth§¨¢©§ª|0i}t;­¼k½1\x
~mf%´¯2¹n »|0thvknhvm%v`Yg$¸m¦?j2`°2vkj¯g~mf;$thkv0gI~2i}0gIiWgh`;nrvghj2©i}?nh`­
 ")    !
	
®`;g|2trv}nhvm$vk`;g¼k½1\x ghvk?n~2f%´02gUghvkj0g±³vktr_a`I~2`²ghf$tr`Yg~m`A_a`Yghgri}`;g½·6®`%nK$vktrth`Yg{|8vk0~2`$?n
ikjml |0th0%|0ikjml nqp|8`;g·~D¥ ?nh`;trinhvk3|2trf;gh`$?ng~2i}¯gj2trf;gh`;ikj|¯i}t{§¨¢©§ª|0i}tY­\vkj¯g`;g|0thvknhvm%v`Yg
ghvk?noig{p0]2trvk0`;gI`%n1th`;|¯v?g{`;?nog{j2t·j2_avm~m^$`tr`;¦?j2¶%nr`$Z©thf;|¯v0g{`­2\up|2¦?j2`$_a`;nY¸0j2N|0i}t`$vk`
j02`»tr`;¦?j2¶$nh`a¢'j0Nvkj|2j0g{`$j0trg1|0iktg·~2`Oghvkktrvkj2|8`
`$n°|8`$j2n°tr`;$`$vkt $f;thv¯¸¯j02`k¸DvjN|2j0gh`;j2trg
trf$|8vk¯g{`Yg$­y¨//¥ `;g{n|0igIth`Y¦j0g¦?j2`1nhvj0gI`;g|0iktg²_a|2f$_a`;nr`$?nnhvj0g`;gI|2trv}nrvm%vk`;g;­
+ ©¿¯Á;¿/Ã¿¯Ä ##Ãk¿8  YÁ DEA`A|2trv}nhvm$vk` « sa9·s£ c
/
	 jK	08L$
	i1  dg0/,Å¬D`Ygqnjmnhghfu|0ikt`;g
|0i}tg|8vkj2t±Åiktr`A$vk20i nrth`A`;j2tg|0thv|2th`Yg/tr`;grg{vj2t%`;g`%n|¯vj2tU~mf;$vkj2trt`Ygth`Yghghvkj2t%`YgD±³vj2t{§
2`;gK|¯i}tu`;gAi}jmnrth`YgU|0iktg$­?®/`|0thvknhvm%v`jmnrg{``;gu|0i}tgK~m`otr`$¯~m`$§=vkj0g|8vkj2tunhti}0gh_a`%nhnhtr`
j22`tr`;¦?j2¶$nh`;ga`$tgOnhvj0gW`;ga|0iktgW%v2j0g$­UsUikth_a%`YgW|0iktg$¸U`;ga|¯i}trgWgh_a|2`;g+|¯`;j2k`;n
f$`$?nhj2`;`$_a`;n·thf;|¯v0~mtr`°ikjml tr`;¦?j2¶$nh`Yg$¸0ikvtrg¦?j2`
`Yg|0i}tg~m`tr`$0~2`%§ªkvj0g²|¯`;th_a`$n{nh`;?n;¸
`$S|2j0g;¸~m`a±Åiktr`+ghj2tr`Wi3tr`;¦?j2¶$nh`­ 9·ik0g=¥ _a|2f$_a`$?nri}nhvk~m`Wtrf%±³f;th`;0%`+~2`+¼k½1\x
¸%`
|2trv}nhvm$vk`'tr`$|8vgh`'g{j0tO~m`Yga%vk_a_»j22$i©nrv0g
~2`'nqp|8` _»j2¹nr;ikg{nOghj2ta~m`;gOtrf;gh`;i}j2l vm$i}j2lR¸
%v_
º22f;giF`;1~m`;gth`$nhti}0gh_agrg{vk¯gu`	:8`Ynhj0f$`;g|0i}tI`;g /K 

	5&
	L2DK­
+ ©¿¯Á;¿/Ã¿¯Ä # =@Aª¿"© mÁg=Å¿D@#E·A`'|2thvknhvm%v` « sKy¨s£  c
/
G 	5 GC?5]  0/,Å¬°|¯`;th_a`$n»~D¥ vkºm§
nh`;2t~m`Ygom±³vth_Wi©nrv0g1g{j2t1`;g1|0i}tg « f$nri}n;¸Rnhti!G+k¸¯`$nr}­ ¬o~m`;?nh´0f;g°¢+=¥ i}~m`»~mj|2trv}nhvm$vk`
|2trf;%fY~m`$?nY­A`Yg+m±³vktr_Wi©nhvk¯g+|8`$j2`$?ngh`$trt+|8vkj0t'kj0~m`;t'`~mf;|2vk`$_a`$?n ?nh`;th2`~m`;g
i}|2|0$i}nhvk0g¼½·\x­
+ ©¿¯Á;¿/Ã¿¯Ä # =@8¿/Ã mÁg=Å¿D@ #6   =ÅÃ DEA`I|2thvknhvm%v` « suds£D c
/
	1
GK	,FL
G)  0/,Å¬|¯`;th_a`%n
~m`1nhti}0gh_a`%nhnhtr`1~m`Yg²th`Y¦j0¶%nh`Yg²kf$0f$tr¦?j2`YgAghj2t²`°trf;gh`;i}j­?®`;g²th`Y¦?j2¶%nr`;g²|¯`;j2k`;?n²¶$nhtr`1i~mth`Ygq§
g{f;`;g¢j2|¯i}tg{|8f;$¹´8¦j0`uvkjº0`;|¯`;j2k`;?n¶%nrth`u|2thv|0i}f$`Yg/¢Inhvj0g/`;g_a`$_»º2th`Yg~D¥ j2thvj2|8`
i'`Ygc/KM

	5&
	L2DK­D®/`Yg·~m`;jml|2trv}nhvm$vk`;g|0thfY%f;~2`$?nrg·g{|8f;$ikg{`;?n1%`»|2trv}nhvm$vk`
¦?j2K|8`$tr_O`$nX¥ f;]0ik2k`a~m`Onhvjmnnqp|¯`W~D¥ m±³vktr_Wi©nhvk£/~2i}0g°`W$ig1~2`Os)9os`W%vk?nr`$j`Ygqn
%v0gqnr¹nrj2f|0iktK~m`;gKik22v0%`Yg$¸}ikvtrg¦?j2`sKy¨sS=¥ j2nhg{`|8vkj0tK%vk_a_»j22¦j0`$tK~m`YgU2±³vktr_ai}nhvk0g
~D¥ f%nri}n;­
lmlonp qq$rs
bY   55H2 2M   ?,
+ ©¿¯Á;¿/Ã¿¯Ä #Ã¿¯¤@m=XÃ mÁg=Å¿D@ `  'Ã  @2? E®`|2trv}nrv$vk`°s#<²s «    
5&5   dg0/,Å¬
|¯`;th_a`$nO~D¥ f%ni}º2ta~m`Yg
$ik0i}j2l t{nrj2`$g
~m`%v_O_»j22$i}nhvk « B  
GKY¬»`$?nhtr` 3vj|2j0gh`;j2trg
|0i}tg$­De$i}¯i}8`;g{nAj22`·´0`1ikº0g{nhti}nh`·~2`o_a`;grghikk`Ygu¦?j2Dg{j0|2|¯vt{nr`·~m`Yguv|¯f;tri}nhvk0g²~m`1%trf;i©§
nhvk/¸/~2`;g{nhtrj0nrv/¸D%vk02`%lmvkN¢ j2 vkjN|0j0gh`$j2tg1|0i}trg;¸R~mf;$vk22`$lmv/¸R`$kv`$n°trf;$`$|mnrv
~m`1_O`Yghgri}`;g;­®`o_a`;grghikk`|8`$j2nIg;¥ i~mtr`;grg{`;tu¢j2 |0i}tIg{|8f;$¹´¯¦?j2`·vkj'¢
X¥ `$¯g{`;_
º2`1~2`;gA|0i}trg
%v22`;%nhfYgi}j$ik0i}=­
+ ©¿¯Á;¿/Ã¿¯Ä # ©¿8Á  ( 	EA`K|2trv}nrvm%vk` « FAds£  5&/ 5 123C5Dc  g08,Å¬/~m`u|2j¯gDº0ikg2k`;ikj
`;g{nKjmnhghf|0i}tU`;gK|0i}trg|8vkj0tK~mf%nr`$tr_O2`;tKi1trvkjmnr`~D¥ i$$^;gU¢°j22`~2`;g{nh0i©nrvO~mv22f;`k¸kghvkj0g
±³vktr_a`·~m`°g{fY¦?j2`$0$`·~m`·|0i}tgA~m`·thvjmnrikk`­e |0i}tA¦?j2D~mv¹n²`$kv©p`$tKj0'_a`;grghikk`tr`;]0`$t]2`
~D¥ i}º8vkt~
%`Ygm±³vth_Wi}nhvk0g~m`Ithvjmnrikk`u~0i}0gghvk»;ik]2`²v;i}=­FzmmX¥ 2±³vktr_ai}nhvk»2`²g;¥ p°nhtrvkj2`
|0ikg
vkjghK`'|0ikt¥ i|¯ikg~m` $ik]0`+~m`'trvkjmni}`k¸Dj22`'th`Y¦j0¶%nh`'`;g{n
`$kv©pf$`W¢3j2h M

23	
$¸0¦?j2/trf$|8vk0~ vkj ±Åi}nog{j0tr`1iOth`Y¦?j2¶%nr`k­
+ ©¿¯Á;¿/Ã¿¯Ä # @#-,©Â
¯¿8E®/`|0thvknhvm%v`dos « 1
	5&
	L2DK  8 0/,Å¬ug{`;t{n²¢|2trvk|0ikk`;tK~m`;g
_a`;grghikk`;gikjgh`$~D¥ j2+82g
 
c/K­¯y¨/|¯`;th_a`$noi}jml|0i}trg~2`g{`<0/5H5&
/0	d
	
i}jgh`$tr$`
« `$n ~mvk¯~D¥ ¶$nhtr`$i}|¯i}º2`;gW~m`6$vk_a_
j02¦?j2`;t+g{j0t+`trf;gh`;ikj¯¬»`%n'$vk?nht8;k`3i |2trvk|0iki}nhvk
~m`;gO_a`;grgri}k`Yg « `;g{nhvk¤~2` iN~mj0thf;` ~m` ?`3~mj_a`;grghikk`+`$na~2f%nh`Ynrv ~m`Yg
º8vkj0$`Ygr¬%­®`;g
|2trv}nhvm$vk`;ga~D¥ kvm;i©nhvk ~m`gh`$tr?%`Yg « sudsA¬a`%n'~2`3$vk_a_
j02;i©nrv |0ikt+$ik0i}jml « s#<²sA¬
th`;|¯v?g{`;?nghj2t$`|2thvknhvm%v`­
®u¥ _a|2f;_a`$?nri}nhvk¤~m`trf%±³f$tr`$¯%`'~m`¼k½1\x(ghj2|2|8vkthnh`'=¥ `$0gh`$_»º2`~m` $`;g»|2trv}nhvm$vk`;g;­µfYi}m§
_av0g;¸kj0'|0iktA|¯`;jmnAtr`;~mf$´02t²gh`;gu|2trvk|2tr`;gU|0thvknhvm%v`Ygugh0`;g²%vk_a|8vkthnh`;_O`;?nrgK|¯i}tA~2f%±Åi}j2n²2`1g{v?n
|¯ikgwqj0kf;g»ghi}nhgq±Åikgri}?ng$­A`Yg»ghl |2trv}nrvm%vk`;gv:Rth`;n»j22` $vkj0]0`'~m`'º¯ikgh`'~m`+nqp|8`+?MD,
a

|8vkj0tX¥ _O|0f;_O`;?nri©nrv6~m`
gh`$tr$`;g|0ikth§¨¢©§ª|0i}tg{|8f;$ikg{fYg¦?j2|8`$j0k`$?no¶$nhtr`?nrf$ktrf;go~2i}0go~m`;g
ik|2|2;i©nrv0g²|0i}t{§¨¢©§ª|0iktY­
  3 % q& 	IW%!A	 	 ,3	  	 	  

µov}nhtr`vkº2wq`;nr¹±U`Ygqno~m`~2f%´02toj03gh`$tr$`~m`|0ikt{ni}k`~m`_af;_Ovtr`|0ikth§ª¢}§=|¯i}t;­®K¥ ~2f$``Ygqno~m`
$vk0g{nhtrj2th`1j2`Yg{|0i%`~D¥ ik~mtr`;grgri}k`·thnhj2`;/kvkº¯i}/i}j2§ª~m`Yghghj0g~D¥ j23`$¯g{`;_
º2`~m` $v2`;gI_af;_Ovtr`;g
_ag{`Ygu¢»~mgh|8vgh¹nrv+|0i}tA`Ygu|¯i}trg;­Av_O_a`0vkj0gAX¥ iFkv0gU_avk?nrthf¸ki
%v0%`;|mnhvk+~/¥ j2'nh`;8gh`$tr$`
?nhtrvm~mj2n`;g|2trvkº2f$_Wi}nh¦j0`;g~m`;gghpmgqnr^$_a`;g¢·_Of;_avkth`A?thnhj2`;`$_a`$?n|0i}thnrikkf;`A~2ik0g`~mv_aik0`
~2`;gtrf;gh`;ikjml|¯i}t{§¨¢©§ª|0i}t`%nO2f;$`;grg{nh`'i|0thg{`'`$¤$vk_a|mnh` ~m`'2vj2k`;`;g]?p|8v}nr]2^;gh`;g;¸¦?j2`+0vkj0g
iFvk0gU~2gr%jmnrf$`Ygu~2ik0gKigh`;nrv+m£~mp0i}_a%nhfo~mjWtrf;gh`;ikj/¸}]2f$nhf;thvkf$0f$nhfk¸`%n}­D%·tY¸¼½·\x |2tr`$¯~
~2fqw{¢S`;%vk_a|mnr`6j22`N|0i}thnh`6g{k0¹´¯;i©nr`6~m`N%`YgW2vj2k`Yi}jml ikgh|¯`Ynrg+`%n+±³vj2th0¹n ~2`;g+f;f;_a`$?nrg
f$2f;th¦?j2`;gA¦?j2R|¯`;j2k`;ngh`$tr?tA~2`1$vkj0]2`1~m`1º0ikgh`k­2·¥ `Ygqni}j2§ª~m`Yghghj0gA~m`1$`;g²f$f$_a`;nguf$2f;th¦?j2`;g
¦?j2`°`;gI_af;;i}2gh_O`Yg~D¥ j2g{pmg{nh^$_a`~m`|0ikt{ni}`1~m`°_af$_avtr`°?thnhj2`;`°|¯`;j2k`;n¶$nhtr`%vk¯gqnrthj2nh`Yg$­
®u¥ iktr]2nh`Ynrj2th` ¦j0`'2vj0g
|0thv|¯v?g{v0g`;g{naj¯gqnrthf;` ghj2t
i´0j2tr`Nb}­®/`g{pmg{nh^$_a`~m` |¯i}thnri}`
~2`_Of;_avkth`3`;g{n ~mf$´02o$vk_a_a`j2 g{`;th%`6¼½·\x¸ughnhj2f`;nrth`=¥ i}|2|2$i©nrv ~2g{nhtrº0j2f$``$n'`
0v©pi}j¼½·\x¸Dghj2to`;¦?j2`;g$¥ i}|2|0j2`­DA`»2v©pikj3|2th`;0~`;%v_a|mnh`O~m`;gonhti}nh`;_O`;?nrgf$2f;th¦?j2`;g
0f;%`Yghgri}tr`;g~2ik0gnrvkjmnOthfYg{`Yi}j |0ikth§ª¢}§=|¯i}t;­FK¤|0i}thnh%j2`$tY¸` gh`$tr?%`+~2`'|0ikt{ni}k`+~2`'_af$_avktr`
j2nhg{`²`;g_OfY$ik2gh_a`;g~m`u`;g{nhvk
~2`;gktrvkj2|8`;g;¸Y~2`u_avk2nhvth2·`%n~2`A`;g{nhvk
~m`Yg;i}0ikjml°?thnhj2`;g
JLK lMJON
 	

	
  bb
Gestion des
superpages
Gestion des
communications
Gestion des
groupes canaux
Gestion des Monitoring
Sécurité
Protocoles de cohérence
Noyau JXTA
Application distribuée
Pairs connectés à Internet
Service de partage de mémoire
 b 'xotr]2nh`Ynrj2th`°f$2f;trik`­
~2`O$vk_a_
j20;i©nhvk­8®`O0v©pi}j6¼½·\x ?nr^$ktr`
f;ik`;_O`;?n1~m`Yg·_afY$i}0gh_a`;g1|¯`;th_a`$n{nrik?n1i'_ag{`
`;E6j0?tr`;~2`1|8vknh¦j0`;g~m`ghf;$j2thnhf£2%trp|mnrikk`°~m`;g~2vk22f;`;g;¸2i}jmnr]2`$?nr¹´¯;i©nrv |0ikt%`;t{nr¹´¯;i©ng$­
9·`'_Wi}0^;th`+?nh`;th2`¸`'gh`$tr$`'~m`'|¯i}thnri}`W`;g{nOg{nhtrj0nrj2trf'%v_O_a`+j0¤g{pmg{nh^;_O` ¢6_af$_avktr`
t{nrj2`$`$_a`$?n |¯i}thnri}f$`6$ighgh¦?j2`­uµvj0g%vk¯g{~mf$trvk¯g+¦?j/¥ j0 nh`;1ghpmgqnr^$_a`~mv¹nth`Yg{|8`;%nh`;t'j22`
g{nhtrj0%nhj2tr`K_avm~mj2i}th`K`$n~2vknghj2|2|8vkthnh`$tX¥ _O|0f;_O`;?nri©nrv
~m`²~mJ:Rf$tr`$?ng_avm~m^$`;g`%n|2trv}nhvm$vk`;g/~m`
$vk]2f;th`;0%`¸mg{`;v j20`°g{nhtrj0%nhj2tr`g{_ai}th`°¢a%`;`_a|2f$_a`;nrf$`~2ik0gI`ghpmgqnr^$_a` 91zm§=su \b	^=­
xoj2k`Yi}j]0ikjmn;¸²`gh`$tr?%`%vk_a|8vkthnh`6j0_av~2j2` ~m`h
GKC?5 
KBg08,-
GKfM
]0/G8
G5B08
$­
A`Yg²|2thvknhvm%v`YgIg$¥ i}|2|0j2`;thv?n²ghj2t`YgA±³vk0%nhvk20iknhfYgIv:R`$thnh`YgA|¯i}t~m`$j2l'_av~2j2`Ygg{|8f;$ikghf;g;£?j0
_avm~mj2`~m`
K4?5f
K 0/ 235?0/4?5K1`$nj23_av~2j2`~2` 
GK/4?5]M
GK K2g 
	4  
GK­
 ;Á =X¿	@ #?Ã¿¯¤@m=XÃ mÁg=Å¿D@ A`u_avm~mj2`u^$tr`U`Ygv|¯f;tri}nhvk0g~m`A$vk_a_
j20;i©nhvk1nqp|2¦?j2`;g
~2`;g°g{pmg{nh^;_O`Yg¢'_af;_Ovtr`O?thnhj2`;`$_a`$?n|0ikt{ni}kf;`nrvkjmn`$ `;gik~0i}|mni}?n°¢3¼½·\x£Dtr`;¦?j2¶$nh`;g°~m`
ghj2|8`$tr|0i}`;g;¸0nrtrik0g{±³`$thn°~m`Ygg{j0|¯`;th|0ikk`Yg$¸8th`Y¦?j2¶%nr`;g°~D¥ ©i}~0i©nhvk¸8`$nrk­ 9·ik0g°`W;ik~mtr`»~m`Ygos
|8vkj0t»trik|2|¯`Ygnr`$`Yg»¦?j2` 91zm§=sum¸U%`Yg
v|¯f;tri}nhvk0g
|¯`;j2k`;nO¶%nrth` _a|2f$_a`$?nrf$`;gO¢6=¥ i}~m` ~m`
_afY$i}0gh_a`;g
~/¥ ik|2|¯`;A~m` |2trv$f;~mj0th`'¢N~mg{nrik0%` « ds²I¬%­A9o` _aik2^$tr`+i}0ikvkj2`¸g{j0t
j2trf;gh`;ikj
|¯i}t{§¨¢©§ª|0i}tY¸0%`Yg·v|¯f;tri}nhvk0g·|8`$j2`$?n1¶$nhtr`
_a|2f;_a`$?nhf;`;g°`$jmnhgri}?n°` &dg0/,-
E 5HL$g0/4?5

K	
GLg?0/
KW~m`a¼k½1\x « sAdsA¬¸¦j0±³vj2tr2¹n°j2_OfY$ik2gh_a`Ogh_Oi}th`»`$g;¥ i}|2|2j0pi}?n°¢'ghvknrvkj2t
ghj2t` &dg0/,-
_M
<
	5&
	L2DK « dM·sA¬­®/` &8 0/,
 
 823	
W`;g{nf$?i}`$_a`$?ng{v%nhfavtrg
~2j3nhti}0g{±³`$thno~m`;g_O`Yghgri}`;g;­¯A`|2trv}nhvm$vk`|¯`;th_a`%n·2v}ni}_a_a`$?no~m`
$vk_a_
j20¦?j2`;tiFk`;°`;g|0i}trg
ghvkf;gI~mj3thfYg{`Yi}j|0i}tIj23|0ikth`$§X±³`;j/­
lmlonp qq$rs
bF   55H2 2M   ?,
 ;Á =X¿	@ #
Y `  $`  ( ? eo2` K/2g
	4  
°`Ygqn²X¥ j22nhf°¦?j2D~mf%´¯2¹nIikti}j2i}trnhfo~mj |0i}thnrikk`¸
¢
i»_Wi}2^$tr`·~2`;gA|0i}`;g²~2i}0g²`;g²os %ikgrgh¦?j2`Yg$­e2`K2g 
	4	
°|¯`;jmn%vktrtr`;gh|¯v0~mtr`o¢j20`·vj
|0j0gh`$j2tgo|¯i}k`Yg$­8®/`»t;`O~m`O$`
_avm~mj2`O$vktrth`Yg{|8vk¯~ikjNt8;k`
~D¥ j2N`;g{nhvk2¯i}th`
~2`;g·|0i}`;go~0i}0g
j02`os %ikgrg{¦?j2`k£vm$i}ghi}nhvk¤~m`Yga~mvk20f$`;g;¸Uk`Ygqnrv¤~m`YgW~mthv¹nga~D¥ i$$^;gag{j0tO`;ga~m-:Rf$tr`$?nrg
6j0~2g « |0iktgr¬%­  i3~m-:Rf$tr`$0$`a~2`;g`;g{nhvk20iktr`;g1%ikgrgh¦?j2`Yg$¸/$`O_avm~mj2`+~mv¹nf$tr`$t°j22`+$vkm´2§
j2ti©nhvk~mp0i}_a¦j0`O~m`Yg1 6j0~2g;¸D$i}t°`;g1|0iktgo|8`$j0k`$?ngh`O$vk22`Ynr`$t°vkj g{`a~mf;$vk20`;nr`$t°iFk`Y
?nh`;th_an{nh`;0%`­¯A`;gIf;kf$0`$_a`$?nrgIghvk?n$i}|2nhf;gI|¯i}tI`
K4?5H5&8
 
K1M2g
K~mj2v©pikj ¼½·\x¸
¦?j2`;g°gh0i}`Oikjf
K4?5H5&8
<M
GKK/2g
	4  
GK¸Dj2U|8`$tr_a`%nhnri}?n~D¥ `%lmf;$jmnh`;t1`;g°inhvk¯g·0f;%`Ygq§
gri}tr`;g|8vkj2t»|2trf;gh`$trk`$tighf;%j0thnhf+`$n»i6%v]2f$tr`$¯%`+~m`Yg
~mv22f$`Yg$­µvj0gf$nhj0~mvk¯g
ik%nhj2`;`$_a`;n
j02`+i}|2|0thvm]2`aº0ig{f;`+g{j2t
X¥ jmnhgri©nrv ~/¥ j20`'%vthtr`;gh|¯v0~2ik0%`O`$?nhtr`Wj2S`;0g{`;_
º2`+~m`W 6j¯~2g{v}§
¦?j2`YgRnhvj©wqvkj0trg~mgh|8vk2º2`;g/`$nj2`;0gh`$_
º0`K©ikthi}º2`K~m`K6j0~2gh|2]pgh¦j0`;g/]2vghgD|0i}tr_ak`;g|0i}trg
$vk20`;nrf;g;¸R_O`;_
º2tr`;g°~mj ktrvkj0|¯`­R®`W]2vklN~m`;g1|0iktg1`;g{nkj2~mfO|0i}t~m`Yg°m±³vth_Wi}nhvk0g·±³vkj0th2`;g
|¯i}t`1_avm~mj2`~m`5Hd5 ~mj32v©pikj ¼½·\x­
' ¿D@ @6? =Å¿D@ ?Á #Ãk¿D@@6? =Å¿D@ #E` = © ®i |0i}thnh%|0i}nhvkN~m`Ygo|¯i}trg1i}j g{`;th%`»gh`»±Åi}n°~m`
i_Wik2^;th`1g{j0©i}?nr`k­m®/`YgA|¯i}trg{§=_a`;_
º2tr`;gK~2j thvj2|¯`1g{`1~mf;$ikth`;?n²i}j2nhvk_Wi}nh¦j0`$_a`$?n²ikj gh`$tr$`
vktg
~2`'i6%v22`%lmvkS`$n»0gqni}0$`;?n»` gh`$tr?%` ~m`'|0ikt{ni}`k­/y¨g»ghvk?n»¢Ni6±³vkg±³vj2th0grg{`;j2tg`%n
j2nhghi}nh`;j2trgO~m` iN_Of;_avkth`­®vktg
~m`3%`$n»`$0th`;kgqnrth`;_O`;?n;¸~mf;$ikth`;?n»j22` $v2` ~m`_af$_avktr`
j2nhghikº2`O|¯i}t¼½·\x­®u¥ `;0g{`;_
º2`W~m`+%`Yg $v2`;g~m`W_af;_Ovtr`a`;g{nkf$trfa|0i}t°`<
GKC?55B
 M
GK
K2g
G4	
GK­8®/vtrgr¦?j/¥ j0 |0ikt·g{`~mfY%v22`;%nh`¸0%``;g{nhvk20iktr`°~mvkno_a`%nhnhtr`¢1wqvkj2togh`;gthf;|¯`;t{nrvkth`Yg
i}´0»~2`Ighj2|2|0th_a`$t`Yg%vktrtr`;gh|¯v0~2i}¯%`;gk`;trgio_af$_avtr`²~2j»|0iktY­}z2~m`Yg~2vk22f;`;g2v»trf$|2¦j0f$`;g
ghvk?ng{nhvm kf;`;gDj02¦?j2`;_a`$?n~2ik0g/iI_af$_avkth`A~m`u%`u 6j0~D¸Y%`;g~mvk20f$`;gg{v?n/_Oktrf$`YgDk`;trg~D¥ ikjmnhtr`;g
|¯i}trg;­
   !A#%&$
A`$n3ikt{nr$`6`$lm|2vth`Nj22`~2tr`;%nhvk2vj2k`;`N~2ik0g ` ~mvk_Wi}2`N~2`Nik`Ygqnrv~m` ~mvk20f$`;g
|¯i}thnri}f$`Ygo¢'nhtr^;g1kti}0~2`
f;]0`$`­/µvkj¯g1iFvk0go_avk?nhtrfO¦?j2`a%`a|2trvkº0^;_O`»/¥ i |¯ikg1f%nrfO$vk0gh~2f$trf
wqj¯gh¦?j/¥ ¢°|2trf;gh`$?nK|0i}tu`YgK`$thv22`$_a`;ngU~m`o;i}%j20¢°trik0~m`fY]2`$`$vk_a_a`1vkº2j0g;¸}vj+¦j0`~m`;g
ghvkjmnrv0gM  g0°|¯`;jghi}nhgq±Åikgri}?nh`Yg²vk?nf%nhf|0thv|¯v?g{f;`;gI%v_O_a`~2ik0gozm$i}º ZMZm­
µovkj0gO|2trvk|8vghvk0g
j22`3i}|2|0thvm]2` kf$0f$ti}`'~m`< d 
 
_G
`$?nhtr` `;g» 6j0~0gq±³v0~mf$`
ghj2t`W|2tr¯%|¯`'~2`W|0i}tr¹nrfk­®`;g~2vk22f;`;gghvk?ni}0ghuik;%fY~mf$`Yg|0i}tj0ik~mtr`;grghikk`Okvkº0ikK~m`+_Wi©§
0^;th`anrtrik0g{|¯i}tr`$?nh`a|0ikttrik|2|8vkthn
¢`;j2tvm$i}ghi}nhvk/¸$vk_a_a`+~2i}¯g`;g
ghpmgqnr^$_a`;g
¢osÀ$igq§
gh¦j0`;g;¸8$vk $j0g1|¯vj2t1~2`;g1kti}|2|8`;g;­R6i}go`a%vk?nr`%lnh`O`;g{n1%U$vk_a|2^%nh`;_a`$?n°~2J:Rf$tr`$?n;£R`»trf;gh`;ikj
`Ygqn1~mp0i}_a¦j0`k¸2`;go 6j0~2grg{v?n|2thfYg{`;?nrg~m`_Wik2^;th`
?nh`;th_an{nr`$?nh``$no_O|0thf;?ghº2`k¸2±³vkthnh`$_a`;n
]0f%nhf;thvk^;2`k¸8]2f$ti}t]2¦?j2`¸8iF`;»~m`;ggr]2f$_Wig·~m`a|0ikt{ni}`
v;i}ghf;g;­Dxvktg°¦j0`»=¥ ` G+$ik$¹nrfaf%nrik¹n
=¥ vkºmwq`Ynh±_ai}wq`$j2t~m`Yg·s¸0ia]0ikjmnh`~mgh|¯v2º0¹nrfg{`;_
º2`%/~m`;k`$0t|2trf$|8vk¯~mf$ti}?nh`­
µovkj0gA|2trvk|8vghvk0gK~2`·~mf;k`$vk|0|¯`;tuj22`onh`;`om±³tikg{nhtrj0nrj2th`·g{j2t²=¥ `;?thv22`;_O`;?nA~m`o`;g{nhvk+~m`
trf;gh`;ikjN|0ikth§¨¢©§ª|0i}t1¼½·\x­µvkj¯giFkv0g1_Ov?nhtrfa¦?j2`W`;g1±³v0nrv20iknhfYg~m`W¼k½1\x |8`$tr_a`%nhnh`$?n
~/¥ _a|2f;_a`$?nh`;tU`YgKg{`;th%`Yg~2`²|¯i}thnri}`²~2`_Of;_avkth`I`%nK~D¥ ik~2th`Yghgri}`Avº0i}m¢·nhtr^;gtrik0~m`²f;]2`;`k¸
`;+|8`$tr_O`$n{ni}?nI~2`·%v?nht8;k`$tui
~2gh|¯v2º2nhfk­4<²`$'g H2tY¸i|8`$th±³vktr_Wi}0$`o~D¥ j22`·nh`$`·|2i©nr`%§=±³vktr_a`
tr`;g{nh`¢Of$©ikj2`;t;­2µovkj0g²nrtriF©ikv0gIik%nhj2`;`$_a`$?n¢aiO$vk0$`$|mnrv~/¥ j23|2tr`$_a`$t|2trv}nrv}nqp|8`k­
JLK lMJON
 	

	
  bY
 ( ©I	 !²	
\bG^xonrvk2j « °i}º2tr`;¬%­    _C  235B
 &,-d
	 G
< d.G,
E 23 ,  1&,-	
G5HdC?5 M

B 0/,-
K M
 0/G
	5&0/
  23,F4 D
/M 23 Ki$K	
K _G
 L 42
	,,-
G
	5A	/
%­
\I]2^Yg{`~m`~2v%nhvtri}n;¸m®/y¨s¸ FAµ·z®/pvk/¸2µov©k`$_»º2tr`°kk2b­
\ $^xotriknr`;g « ®j0%i}¯i¬­   jKC?.	23
8  
/ +
	i  2354
 &2gM-Gm K	
G,Fi0/2g&,-
/
@W,F2DK
G./$K	
/   ,- G K­ S\I]2^Yg{`~m`~2v%nhvtri}n;¸2®/y¨s 2¸ e0R­2sUi}trg 2¸ 9·f;%`;_
º2tr`}k2­
\ ^»²ik|2|¯`;v « )2ti}0 2¬%­  +g		,-
K   

D/0G234?58,,	,-
GK)23 ,-
GK 0 3d
/0	C238
K  23
GK 
G G
5B08
GK<
G ,-
GK 85&KKi$K/	
GK<jKC?.	2GK­  (·i}º2nri}nhvkS¢~mthk`;t`;gtr`;]2`;tr]0`;g;¸/®dy¸
eo2R­2sUikthgzj0~D¸B%1nhvº2tr`°kk2b­
\ ^9·`;gh|2tr` « )0thfY~mf$tr;¬­ @ ,-0	23,a5H23	G2
cM
GKE.	?.G,F?  G2
GKE2	
h
	5Lg5H5&
	
	5CK
E
	
M0/1&2345k­  (oikº2nri}nhvkN¢+~2tr`$t·`Ygotr`;]2`;tr]0`;g;¸¯®/y¨s¸Be2R­Aikj0~m`'<²`;th0iktr~/¸¯®/pvk/¸
¼j2`%n·kk2b­
\ $^ %·ti}_ « x¯~mp2¬ « fY~mnhfK|0ikt¬%­  c
/
	dC c
/
G   5&
GK8K5D  
   a
Gc  jK2g&4L
d
/0 D5B,-8?
GK­
 %»¥ d`$p xogrg{vm%i©nr`;g;¸m6i}tg}2bk­
\ ^
z]0tp « AiFp2¬­   ]¯i©n»gs²©s­­­i}¯~SÇ]0i©n»gh/¥ n;¸µv©k`;_
º2tr`+}k2­m9og{|8vk0º2` ¢6X¥ eod®
NDNDNPXS			P 7MS 9DUT3	  	!3V#"$ Y1 %&	'MN" 3 ($V	 P"( 9BR ­
\ :g^
zj0%trvghpmgqnr`$_Wg$¸8y¨0k­    *)	
/0G 
 + 
3L &8M
G  K23?
%¸kk0bk­H9·g{|8vk2º2`O¢
=¥ e·d® NDNDN P-, .( 3 PSYDQ3Y S, 7(/NDNN , . ( 3	DY3SMQDQMU$01	2$43 RAP3/02 ­
lmlonp qq$rs
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
